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(57) Abstract: Tricyclic compounds of Formula (I) are inhibitors of HIV integrase and inhibitors of HIV replication: wherein 
bond a, ring A, R , R and R are defined herein. The compounds are useful for the prophylaxis or treatment of infection by HTV 
and the prophylaxis, treatment, or delay in the onset of AIDS. The compounds are employed against HTV infection and AIDS as 
compounds per se or in the form of pharmaceutically acceptable salts. The compounds and their salts can be employed as ingredients 
in pharmaceutical compositions, optionally in combination with other antivirals, immunomodulators, antibiotics or vaccines. 
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TITLE OF THE INVENTION 
HIV DsfTEGRASE INHIBITORS 

This application claims the benefit of U.S. Provisional Application No. 60/679,43 1 (filed 
5 May 10, 2005), the disclosure of which is hereby incorporated by reference in its entirety. 

FIELD OF THE INVENTION 

The present invention is directed to tricyclic analogs of hydroxy polyhydro-2,6- 
naphthyridine dione compounds and pharmaceutically acceptable salts thereof, their synthesis, and their 
10 use as inhibitors of the HIV integrase enzyme. The compounds and pharmaceutically acceptable salts 
thereof of the present invention are useful for preventing or treating infection by HIV and for preventing 
or treating or delaying the onset of AIDS. 

BACKGROUND OF THE INVENTION 

15 A retrovirus designated human immunodeficiency virus (HIV), particularly the strains 

known as HIV type-1 (HIV-1) virus and type-2 (HIV-2) virus, is the etiological agent of the complex 
disease that includes progressive destruction of the immune system (acquired immune deficiency 
syndrome; ADDS) and degeneration of the central and peripheral nervous system. This virus was 
previously known as LAV, HTLV-IH, or ARV. A common feature of retrovirus replication is the 

20 insertion by virally-encoded integrase of +proviral DNA into the host cell genome, a required step in 
HIV replication in human T-lymphoid and monocytoid cells, hitegration is believed to be mediated by 
integrase in three steps: assembly of a stable nucleoprotein complex with viral DNA sequences; cleavage 
of two nucleotides from the 3* termini of the linear proviral DNA; covalent joining of the recessed 3' OH 
termini of the proviral DNA at a staggered cut made at the host target site. The fourth step in the 

25 process, repair synthesis of the resultant gap, may be accomplished by cellular enzymes. 

Nucleotide sequencing of HIV shows the presence of a pol gene in one open reading 
frame [Ratner, L. et al.. Nature, 3 13, 277(1985)]. Amino acid sequence homology provides evidence tliat 
the pol sequence encodes reverse transcriptase, integrase and an HIV protease [Toh, H. et al., EMBO J. 
4, 1267 (1985); Power, M.D. et al.. Science, 23 1, 1567 (1986); Pearl, L.H. et al.. Nature, 329, 351 

30 (1987)]. All three enzymes have been shown to be essential for the replication of HIV. 

It is known that some antiviral compounds which act as inliibitors of HIV replication ai e 
effective agents in the treatment of AIDS and similar diseases, including reverse transcriptase inhibitors 
such as azidotliymidine (AZT) and efavirenz and protease inhbitors such as indinavir and nelfinavir. The 
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compoxmds of this invention are inhibitors of HIV integrase and inhibitors of HIV replication. The 
inhibition of integrase in vitro and HTV replication in cells is a direct result of inhibiting the strand 
transfer reaction catalyzed by the recombinant integrase in vitro in HTV infected cells. The particular 
advantage of the present invention is highly specific inhibition of HTV integrase and HTV replication. 
5 The following references are of interest as background: 

US 6380249, US 6306891, and US 6262055 disclose 2,4-dioxobutyric acids and acid 

esters useful as HTV integrase inhibitors. 

WO 01/00578 discloses l-(aromatic- or heteroaromatic-substituted)-3-(heteroaromatic 

substituted)- 1, 3 -propanediones useful as HTV integrase inhibitors. 
10 US 2003/0055071 (corresponding to WO 02/30930), WO 02/30426, and WO 02/55079 

each disclose certain 8-hydroxy-l,6-naphthyridine-7-carboxamides as HIV integrase inhibitors. 

WO 02/036734 discloses certain aza- and polyaza-naphthalenyl ketones to be HTV 
integrase inhibitors. 

WO 03/016275 discloses certain compounds having integrase inhibitory activity. 
15 WO 03/35076 discloses certain 5,6-dihydroxypyrimidine-4-carboxamides as HIV 

integrase inhibitors, and WO 03/35077 discloses certain N-substituted 5-hydroxy-6-oxo-l,6- 
dihydropyrimidine-4-carboxamides as HIV integrase inhibitors. 

WO 03/062204 discloses certain hydroxynaphthyridinone carboxamides that are useful 

as mV integrase inhibitors. 
20 WO 04/004657 discloses certain hydroxypyrrole derivatives that are HIV integrase 

inhibitors. 

WO 2005/016927 discloses certain nitrogenous condensed ring compounds that are HIV 
integrase inhibitors. 

25 SUMMARY OF THE INVENTION 

The present invention is directed to tricyclic analogs of hydroxy polyhydro-2,6'- 
naphthyridine dione compounds. These compounds are useful in the inhibition of HTV integrase, the 
prevention of infection by HIV, the treatment of infection by HIV and in the prevention, treatment, and 
delay in the onset of ADDS and/or ARC, either as compounds or their pharmaceutically acceptable salts 

30 or hydrates (when appropriate), or as pharmaceutical composition ingredients, whether or not in 

combination with other HTV/ADDS antivirals, anti-infectives, immunomodulators, antibiotics or vaccines. 
More particularly, the present invention includes compounds of Formula I, and pharmaceutically 
acceptable salts thereof: 
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5 




wherein: 



bond " " in the ring is a single bond or a double bond; 



Rl is Ci-6 alkyl, RJ, or Ci-6 alkyl substituted with RJ, wherein RJ is CycA, AryA, HetA, or HetP; 
R2isHorCi.6alkyl; 
10 R3 is: 

(1) H, 

(2) halogen, , 

(3) CN, 

(4) Cl-6 alkyl, 

15 (5) Ci-6 haloalkyl, 

(6) Ci-6 alkyl substituted with OH, O-Ci-6 alkyl, O-Ci.6 haloalkyl, CN, N(RA)RB, 
C(0)N(RA)RB, C(0)RA, CO2RA, C(0)-N(RA).Ci.6 alkylene-ORB with the proviso 

that the N(RA) moiety and the ORB moiety are not both attached to the same carbon of 
the C 1-6 allQ^lene moiety, SRA, S(0)RA, SO2RA, S02N(RA)RB, N(RA)C(0)RB, 

20 N(RA)C02RB, N(RA)S02RB, N(RA)S02N(RA)rB, N(RA)C(0)N(RA)RB, or 

OC(0)N(RA)rB, 

(7) C(0)RA, _ . 

(8) CO2RA, 

(9) C(0)N(RA)RB, 

25 (10) C(0)-N(RA)-C 1-6 alkylene-ORB with the proviso that the N(RA) moiety and the ORB 

moiety are not both attached to the same carbon of the Ci-g alkylene moiety, 

(11) SRA 

(12) S(0)RA 

-3 - 
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10 



15 



(13 

(14 

(15 

(16 

(17 

(18 

(19 
(20 

(21 

(22 
(23 



SO2RA, 
S02N(RA)RB, 

N(RA)RB, 
N(RA)C(0)RB, 

N(RA)C(0)0RB; 
N(RA)C(0)N(RA)rB, 

N(RA)C(0)C(0)N(RA)RB, 

N(RA)S02RB, 
N(RA)S02N(RA)RB, 

0C(0)N(RA)RB, or 
Y-RK, wherein: 

Y is a single bond, Ci-6 alkylene, O, O-C1.6 alkylene, Ci-6 alkylene-O, C(0), 
C(0)-Ci_6 alkylene, Ci-e alkylene-C(O), C(0)-Ci.6 aUsylene-O, C(0)-Ci.6 
alkylene-O-Ci.6 alkylene, C(0)N(RA), C(0)N(RA)-Ci.6 alkylene, Ci-6 
alkylene-C(0)N(RA), Ci_6 alkylene-C(0)N(RA)-Ci.6 alkylene, S(0), S(0)2, S(0)-Ci-6 
alkylene, S(0)2-Cl-6 alkylene, Ci-6 alkylene-S(O), or C1.6 alkylene-S(0)2; and 

RK is CycB, AryB, HetB, or HetQ; 



20 



or, as an alternative, when bond " " is a double bond, R2 and R3 together with tlie carbon atoms to 
which each is attached form: 



(i) 



25 



(ii) 



30 



a benzene ring which is optionally substituted with a total of from 1 to 4 substituents 
wherein (a) from zero to 4 substituents are each independently one of substituents (1) to 
(25) as defined in part (i) of the definition of AryA and (b) from zero to 2 substituents 
are each independently one of the substituents (1) to (6) as defined m. part (ii) of the 
definition of AryA, or 

a 5- or 6-membered heteroaromatic ring containing from 1 to 4 heteroatoms 
independently selected firoinN, O and S, wherein the heteroaromatic ring is optionally 
substituted with a total of from 1 to 3 substituents wherein (a) from zero to 3 substituents 
are each independently one of substituents (1) to (26) as defined in part (i) of the 
definition of HetA and (b) from zero to 2 substituents are each independently one of the 
substituents (1) to (6) as defined in part (ii) of the definition of HetA; 
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ring A is a 5- to 9-membered, saturated or mono-unsaturated heterocyclic ring containing in addition to 
the nitrogen shared with tlie naphthyridine ring from 1 to 3 heteroatoms independently selected from N, 
O, and S, wherein each S is optionally oxidized to S(0) or S(0)2; and wherein the saturated or mono- 
unsaturated heterocyclic ring is optionally substituted with a total of from 1 to 10 substituents, wherein: 
5 (i) from zero to 10 substituents are each independently: 

(1) halogen, 

(2) Ci.6 alkyl, 

(3) Ci.6 haloalkyl, 

(4) C i_6 alkyl substituted with OH, O-C i_6 alkyl, O-C i_6 haloalkyl, CN, N(RA)RB, 
1 0 C(0)N(RA)RB, C(0)RA, CO2RA, C(0)-N(RA)-C 1 .6 alkylene-ORB with Ihe 

proviso that the N(RA) moiety and the ORB moiety are not both attached to the 
same carbon of the Ci-e alkylene moiety, SRA, S(0)RA, SO2RA, 
S02N(RA)rB, N(RA)C(0)RB, N(RA)C02RB, N(RA)S02RB, 
N(RA)S02N(RA)rB, N(RA)C(0)N(RA)rB, OC(0)N(RA)rB, or 0C(0)RA, 

15 (5) O-Ci-e alkyl, 

(6) O-C 1-6 haloalkyl, 

(7) 0x0, 

(8) =C(RA)rB, 

(9) C(0)N(RA)RB, 

20 (10) C(0)C(0)N(RA)RB, 

(11) C(0)RA 

(12) CO2RA, 

(13) SRA, 

(14) S(0)RA, 
25 (15) SO2RA, 

(16) S02N(RA)rB, or 

^ (17) OH, and 

(ii) from zero to 3 substituents are each Z-RL, wherein: 

each Z is independently a single bond, Ci_6 alkylene, 0, 0-Ci_6 alkylene, Ci-6 

30 alkylene-O, C(0), C(0)-Ci-6 alkylene, Ci-e alkylene-C(O), C(0)-Ci_6 alkylene-O, 

C(0)-Ci_6 alkylene-O-Ci-6 alkylene, C(0)N(RA), C(0)N(RA)-Ci.6 allQ'iene, Ci_6 

alkylene-C(0)N(RA), C1.6 alkylene-C(0)N(RA)-Ci.6 alkylene, S(0), S(0)2, S(0)-Ci-6 

alkylene, S(0)2-Ci.6 alkylene, C1.6 alkylene-S(O), or Ci_6 alkylene-S(0)2; and 
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each RL is independently CycC, AryC, HetC, or HetR; 
each RA is independently H or Ci-6 alkyi; 
5 each RB is independently H or Cj-fi alkyl; 

CycA is a C3-8 cycloalkyl which is optionally substituted with a total of from 1 to 6 substituents, 
wherein: 

(i) from zero to 6 substituents are each independently: 
10 (1) halogen, 

(2) CN 

(3) Ci,6 alkyl, 

(4) OH, 

(5) O-Ci-6 alkyl, 

15 (6) C 1 -6 haloalkyl, or 

(7) O-C 1-6 haloalkyl, and 

(ii) from zero to 2 substituents are each independently: 

(1) CycD, 

(2) AryD, 
20 (3) HetD, 

(4) HetZ, 

(5) Ci-6 alkyl substituted with CycD, AryD, HetD, or HetZ, or 

(6) C(0)-HetZ or C(0)C(0)-HetZ; 

25 CycB independently has the same definition as CycA; 

each CycC independently has the same definition as CycA; 

AryA is an aryl which is optionally substituted with a total of from 1 to 5 substituents, wherein: 
30 (i) from zero to 5 substituents are each independently: 

(1) C1.6 alkyl, 

(2) Ci-6 alkyl substituted with OH, O-Ci-e alkyl, O-C1.6 haloalkyl, CN, NO2, 
N(RA)RB^ C(0)N(RA)rB, C(0)RA CO2RA, SRA, S(0)RA SO2RA 

"6- 
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S02N(RA)RB, N(RA)C(0)RB, N(RA)C02RB, N(RA)S02RB, 
N(RA)S02N(RA)rB, OC(0)N(RA)rB, N(RA)C(0)N(RA)RB, or 

N(RA)C(0)C(0)N(RA)rB, 



\-'/ 








(5^ 


O-Ci haloalkvl 






\7) 


naxogen. 


(8) 






JNU2, 


(10) 


N(RA)R±5^ 


(11) 


C(0)N(RA)Rr5^ 


(12) 






CfOVCi haloalkvl 






(15) 


UC(0)JSI(K-^)K'-', 


(16) 


sra. 


(17) 


S(0)RA, 


(18) 


S02RA 


(19) 


S02N(RA)RB, 


(20) 


N(RA)S02RB, 


(21) 


N(RA)S02N(RA)RB, 


(22) 


N(RA)C(0)RB, 


(23) 


N(RA)C(0)N(RA)RB, 


(24) 


N(RA)C(0)C(0)N(RA)RB, or 


(25) 


N(RA)C02RB, and 



(ii) from zero to 2 substituents are each indepemleritly: 

(1) CycD, 

(2) AiyD, 

(3) HetD, 

(4) PetZ, 

(5) C1.6 alkyi substituted with CycD, AryD, HetD, or HetZ, or 

(6) C(0)-HetZ or C(0)C(0>HetZ; 



wo 2006/121831 



PCT/US2006/017369 



AryB independently has the same definition as AryA; 
each AryC independently has tihe same definition as AryA; 

HetA is a heteroaryl which is optionally substituted with a total of from 1 to 5 substituents, wherein: 
(i) from zero to 5 substituents are each independently: 

(1) Ci.6 alkyl, 

(2) Ci_6 alkyl substituted with OH, O-Ci-6 alkyl, 0-Ci_6 haloalkyl, CN, NO2, 
N(RA)RB, C(0)N(RA)RB, C(0)RA, CO2RA, SRA S(0)RA SO2RA, 

S02N(RA)rB, N(RA)C(0)RB, N(RA)C02RB, N(RA)S02RB, 
N(RA)S02N(RA)RB, OC(0)N(RA)rB, N(RA)C(0)N(RA)rB, or 

N(RA)C(0)C(0)N(RA)rB, 





aiiQ'i, 


(4) 


Ci-6 haloalkyl. 


(5) 


O-Ci-6 haloalkyl. 


(6) 


OH, 


(7) 


0x0, 


(8) 


halogen. 


(9) 


CN, 


(10) 


NO2, 


(11) 


n(rA)rb, 


(12) 


C(0)N(RA)rB, 


(13) 


C(0)RA 


(14) 


C(0)-Ci_6 haloalkyl. 


(15) 


C(0)0RA, 


(16) 


OC(0)N(RA)rB, 


(17) 


srA 


(18) 


S(0)RA 


(19) 


SO2RA, 


(20) 


S02N(RA)rB, 


(21) 


N(RA)S02RB, 


(22) 


N(RA)S02N(RA)RB, 
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(23) N(RA)C(0)RB, 

(24) N(RA)C(0)N(RA)RB, 

(25) N(RA)C(0)C(0)N(RA)rB^ or 

(26) N(RA)C02RB, and 

5 (ii) from zero to 2 substituents are each independently: 

(1) CycD, 

(2) AiyD, 

(3) HetD, 

(4) HetZ, 

10 (5) Ci-6 alkyl substituted with CycD, AryD, HetD, or HetZ, or 

(6) C(0)-HetZ or C(0)C(0)-HetZ; 

HetB independently has the same definition as HetA; 

15 each HetC independently has the same definition as HetA; 

HetP is (i) a 4- to 7-membered, saturated or mono-unsaturated heterocyclic ring containing at least one 

carbon atom and from 1 to 4 heteroatoms independently selected from N, O and S, where each S is 
optionally oxidized to S(0) or S(0)2 or (ii) a 6- to 10-membered saturated or mono-unsaturated, bridged 

20 or ftised heterobicyclic ring containing from 1 to 4 heteroatoms independently selected from N, O and S, 
where each S is optionally oxidized to S(0) or S(0)2; and wherein the saturated or mono-unsaturated 

heterocyclic or heterobicyclic ring is optionally substituted with a total of from 1 to 4 substituents, 
wherein: 

(i) from zero to 4 substituents are each independently halogen, Ci-g alkyl, Ci-6 haloalkyl, 
25 O-Ci.6 alkyl, O-Ci.6 haloalkyl, oxo, C(0)N(RA)rB, C(0)C(0)N(RA)RB, C(0)RA 

CO2RA, SRA S(0)RA SO2RA, or S02N(RA)rB^ and 

(ii) from zero to 2 substituents are each independently CycD, AiyD, HetD, or Ci-6 alkyl 
substituted with CycD, AryD, HetD; 

30 HetQ independently has the same definition as HetP; 

each HetR independently has tlae same definition as HetP; 
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each CycD is independently a C3-8 cycloalkyl which is optionally substituted with from 1 to 4 
substituents each of which is independently halogen, Ci-6 alkyl, OH, O-Ci-6 alkyl, or Ci-g haloalkyl; 

each AryD is independently phenyl or naphthyl, wherein the phenyl or naphthyl is optionally substituted 
5 with from 1 to 5 substituents each of which is uadependently any one of the substituents (1) to (25) as set 
forth above in part (i) of the definition of AryA; 

each HetD is independently a 5- or 6-membered heteroaromatic ring containmg from 1 to 4 heteroatoms 
independently selected from N, O and S, wherein the heteroaromatic ring is optionally substituted with 
10 from 1 to 4 substituents each of which is independently any one of the substituents (1) to (26) as set forth 
above in part (i) of the definition of HetA; 

each HetZ is independently a 4- to 7-membered, saturated or mono-unsaturated heterocyclic ring 
containing at least one carbon atom and from 1 to 4 heteroatoms independently selected from N, O and S, 
15 where each S is optionally oxidized to S(0) or S(0)2, wherein the saturated or mono-unsaturated 

heterocyclic ring is optionally substituted with from 1 to 4 substituents each of which is independently 
halogen, Ci^e alkyl, Ci-6 haloalkyl, O-C1.6 alkyl, O-C1.6 haloalkyl, 0x0, C(0)N(RA)rB, 
C(0)C(0)N(RA)rB, C(0)RA CO2RA SRA S(0)RA SO2RA or S02N(RA)rB; 

20 each aryl is independently (i) phenyl, (ii) a 9- or 10-membered bicyclic, fused carbocyclic ring system in 
which at least one ring is aromatic, or (iii) an 1 1- to 14-membered tricyclic, fused carbocyclic ring system 
in which at least one ring is aromatic; and 

each heteroaryl is independently (i) a 5- or 6-membered heteroaromatic ring containing from 1 to 4 
25 heteroatoms independently selected from N, O and S, wherein each N is optionally in the form of an 
oxide, or (ii) a 9- or 10-membered bicyclic, ftised ring system containing from 1 to 4 heteroatoms 
independently selected from N, O and S, wherein either one or both of the rings contain one or more of 
the heteroatoms, at least one ring is aromatic, each N is optionally in the form of an oxide, and each S in 
a ring which is not aromatic is optionally S(0) or S(0)2. 

30 The present invention also includes pharmaceutical compositions containing a compound 

of Formula I or a pharmaceutically acceptable salt thereof. The present invention ftirther includes 
methods for the treatment of ADDS, the delay in the onset of ADDS, the prophylaxis of ADDS, the 
prophylaxis of infection by HIV, and the treatment of mfection by HIV. 

- 10- 
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Other embodiments, aspects and features of the present invention are either further 
described in or will be apparent from the ensuing description, examples and appended claims. 



10 



15 



20 



25 



30 



DETAILED DESCRIPTION OF THE INVENTION 

The present invention mcludes compounds of Formula I above, and pharmaceutically 
acceptable salts thereof. These compounds and their pharmaceutically acceptable salts are HIV integrase 

inhibitors (e.g., HIV-1 integrase inhibitors). 

A first embodiment of the present invention (alternatively referred to herein as 
"Embodiment El") is a compound of Formula I, or a pharmaceutically acceptable salt thereof, wherein 
ring A is a 5- to 9-membered, saturated or mono-unsaturated heterocyclic ring containing in addition to 
the nitrogen shared with the naphthyridine ring from 1 to 3 heteroatoms independently selected from N, 
O, and S, wherein each S is optionally oxidi2ed to S(0) or S(0)2; and wherein the saturated or mono- 
unsaturated heterocyclic ring is optionally substituted with a total of from 1 to 6 substituents, wherein: 
(i) from zero to 6 substituents are each independently: 

(1) halogen, 

(2) Ci-6 aUsyl, 

(3) Ci-6 haloaUQ'l, 

(4) Ci-6 alkyl substituted with OH, O-Ci-6 alkyl, O-Ci.6 haloalkyl, CN, N(RA)RB, 
C(0)N(RA)RB, C(0)RA, CO2RA, C(0)-N(RA)-Ci.6 alkylene-ORB with the 

proviso that the N(RA) moiety and the ORB moiety are not both attached to the 
same carbon of the Ci-6 alkylene moiety, SRA, S(0)RA, SO2RA, 
S02N(RA)RB, N(RA)C(0)RB, N(RA)C02RB, N(RA)S02RB, 
N(RA)S02N(RA)RB, N(RA)C(0)N(RA)rB, or 0C(0)N(RA)RB, 

(5) O-C1.6 alkyl, 

(6) O-C 1-6 haloalkyl, 

(7) 0x0, 



(8) 

(9) 
(10 

(11 
(12 

(13 
(14 



=C(RA)RB, 
C(0)N(RA)RB, 
C(0)C(0)N(RA)RB, 
C(0)RA, 

C02RA, 
sra 

S(0)RA 
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(15) SO2RA, or 

(16) S02N(RA)rB, and 

(ii) from zero to 2 substituents are each Z-RL, wherein: 

each Z is independently a single bond, Ci-6 alkylene, O, O-Ci-6 alkylene, Ci-6 

alkylene-O, C(0), C(0)-Ci-6 alkylene, Ci-6 alkylene-C(O), C(0)-Ci-6 alkylene-O, 
C(0)-Ci.6 alkylene-O-Ci-6 alkylene, C(0)N(RA), C(0)N(RA)-Ci.6 alkylene, C1.6 
alkylene-C(0)N(RAx Ci-6 alky lene-C(0)N(RA)-C 1-6 alkylene, S(0), S(0)2, S(0)-Ci-6 
alkylene, S(0)2-Ci.6 allQ^lene, Ci-6 al]Q^lene-S(0), or Ci-6 alkylene-S(0)2; and 
each RL is independently CycC, AryC, HetC, or HetR; 

and all other variables are as originally defined (i.e., as defined in the Summary of the Invention). 

A second embodiment of the present mvention (Embodiment E2) is a compomid of 
Formula I, or a pharmaceutically acceptable salt thereof, wherein Rl is RJ or C 1-6 alkyl substituted with 

RJ; and all other variables are as originally defined or as defined in Embodiment El. 

A third embodiment of the present invention (Embodiment E3) is a compoxmd of 
Formula I, or a pharmaceutically acceptable salt thereof, wherein Rl is C 1-6 alkyl substituted with RJ; 

and all other variables are as originally defined or as defined in Embodiment El. 

A fourth embodiment of the present invention (Embodiment E4) is a compound of 
Fonnula I, or a pharmaceutically acceptable salt thereof, wherein Rl is C 1.4 alkyl substituted with RJ; 

and all other variables are as originally defined or as defined in Embodiment El. 

A fifth embodiment of the present invention (Embodiment E5) is a compound of 
Fonnula I, or a pharmaceutically acceptable salt thereof, wherein Rl is (CH2)l-2R^ or CH(CH3)-RJ; and 

all other variables are as originally defined or as defined in Embodiment El. 

A sixtli embodiment of the present invention (Embodiment E6) is a compound of 
Formula I, or a phannaceutically acceptable salt thereof, wherein Rl is CH2~RJ; and all other variables 

are as originally defined or as defined in Embodiment El . 

A seventh embodiment of the present invention (Embodiment E7) is a compound of 
Fonnula I, or a pharmaceutically acceptable salt thereof, wherein RJ is AryA or HetA; and all other 
variables are as originally defined or as defined in any one of the preceding embodiments. 

An eighth embodiment of the present invention (Embodiment E8) is a compound of 
Formula I, or a pharmaceutically acceptable salt thereof, wherein RJ is phenyl, naphthyl, 2,3- 
dihydrobenzo-l,4-dioxinyl, benzo-l,3-dioxolyl, quinolinyl, isoquinolinyl, cinnolinyl, or quinazolinyl, any 
of which is optionally substituted with a total of from 1 to 4 substituents, wherein: 
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(a) from zero to 4 substituents are each independently: 





(1) 


Ci-g alkyl. 




(2) 


0-Cu6 alkyl. 




(3) 


haloalkyl. 


5 


f4) 


0-Ci f^haloalkvL 




\P) 












(1) 










10 


(9) 


C(0)N(RA)rB, 




(10) 


S(0)RA, 




(11) 


S02RA, 




(12) 


N(RA)S02RB, 




(13) 


N(RA)S02N(RA)rB, 


15 


(14) 


N(RA)C(0)RB, or 




(15) 


N(RA)C(0)C(0)N(RA)rB^ and 



(b) from zero to 2 substituents are each independently HetZ or C(0)-HetZj 

wherein HetZ is a 5- or 6-membered saturated heterocyclic ring containing a 

total of from 1 to 2 heteroatoms selected from 1 to 2 N atoms, zero to 1 O atom, and zero 
20 to 1 S atom, wherein the S atom is optionally S(0) or SO2, wherein the saturated 

heterocyclic ring is optionally substituted with from 1 to 2 substituents each of which is 
Ci-4 alkyl, 0x0, C(0)N(RA)rB^ C(0)RA CO2RA or SO2RA 

and with the proviso that when HetZ is attached to the rest of the compound via 
the C(0) moiety, then HetZ is attached to the C(0) via a ring N atom; 
25 and all other variables are as originally defined or as defined in any one of the preceding embodiments. 

A ninth embodiment of the present invention (Embodiment E9) is a compound of 
Formula t or a pharmaceutically acceptable salt thereof, wherein Rl is GH2-R*'^; R*'^ is as defined in 

Embodiment E8; and all other variables are as originally defined or as defined in Embodiment EL 

A tenth embodiment of the present invention (Embodiment E 10) is a compound of 
30 Formula I, or a pharmaceutically acceptable salt thereof, wherein Rl is: 
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the asterisk * denotes tlie point of attachment of R1 to the rest of the compound; Vl and are each 
independently: 





(1) 


H, 


5 


(2) 


Cl-4 allQfl, 




(3) 


OH, 




(4) 


O-Ci^ alkyl, 




(5) 


Ci_4 haloalkyl. 




(6) 


O-Ci^ haloalliyl. 


10 


(7) 


halogen. 




(8) 


CN, 




(9) 


N(RA)rB, 




(10) 


C(0)N(RA)rB, 




(11) 


C(0)RA 


15 


(12) 


C(0)0RA, 




(13) 


sra. 




(14) 


S(0)RA, 




(15) 


S02RA, 




(16) 


N(RA)S02RB, 


20 


(17) 


N(RA)S02N(RA)RB, 




(18) 


N(RA)C(0)RB, 




(19) 


N(RA)C(0)C(0)N(RA)rB, 




(20) 


HetD, 




(21) 


HetZ, or 


25 


(22) 


C(0)-HetZ, 
wherein 



HetD is a 5- or 6-membered heteroaromatic ring containing a total of from 1 to 3 
heteroatoms independently selected from 1 to 3 N atoms, from zero to 1 O atom, and 
from zero to 1 S atom, wherein the heteroaromatic ring is optionally substituted with 1 or 
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2 substituents each of which is independently C1.4 alkyl, OH, O-C1.4 alkyl, halogen, 
CN, C(0)N(RA)rB, C(0)RA C(0)0RA or SO2RA 

HetZ is a 5- or 6-nnLembered saturated heterocyclic ring containing a total of from 
1 to 2 heteroatoms selected from 1 to 2 N atoms, zero to 1 O atom, and zero to 1 S atom, 
wherein the S atom is optionally S(0) or SO2, wherein the saturated heterocyclic ring is 
optionally substituted with from 1 to 2 substituents each of which is independently C1-4 
alkyl, 0x0, C(0)N(RA)rB^ C(0)RA CO2RA, or SO2RA 

and with the proviso that when HetZ is attached to the rest of the compound via 
the C(0) moiety, then HetZ is attached to the C(0) via a ring N atom; 

or alternatively Vl and V2 are respectively located on adjacent carbons in the phenyl ring and together 
form methylenedioxy or ethylenedioxy; and 

V3 is: 

(1) H, 

(2) C1.4 alkyl, 

(3) O-C1.4 alkyl, 

(4) Ci-4 haloalkyl, 

(5) O-C 1 -4 haloalkyl, or 

(6) halogen; 

and all other variables are as originally defined or as defined in Embodiment El. 

An eleventh embodiment of the present invention (Embodiment El 1) is a compoimd of 
Formula I, or a phamiaceutically acceptable salt thereof, wherein Rl is CH2-RJ; and RJ is 4- 

fluorophenyl or 3-chloro-4-fluorophenyl; and all other variables are as originally defined or as defined in 
Embodiment El. 

A twelfth eleventh embodiment of the present invention (Embodiment El 2) is a 
compound of Formula I, or a pharmaceutically acceptable salt thereof, wherein R2 is H or Ci-6 alkyl; 
and R3 is H, Ci-6 alkyl, C(0)N(RA)rB, S02N(RA)rB^ or Ci-6 alkyl substituted with C(0)N(RA)rB 
or S02N(RA)rB; and all other variables are as originally defined or as defined in any one of tlie 
preceding embodiments. 

A thirteentli embodiment of the present invention (Embodiment El 3) is a compound of 
Fonnula I, or a phannaceutically acceptable salt thereof, wherein R2 and R3 are each independently H or 
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10 



15 



Ci-4 alkyl; and all other variables are as originally defined or as defined in any one of the preceding 
embodiments. 

A fourteenth embodiment of the present invention (Embodiment El 4) is a compound of 
Formula I, or a pharmaceutically acceptable salt thereof, wherein R2 and R3 are both H; and all other 
variables are as originally defined or as defined in any one of the preceding embodiments. 

A fifteenth embodiment of the present invention (Embodiment El 5) is a compound of 
Formula I, or a pharmaceutically acceptable salt thereof, wherein ring A is: 



R* R* p^* 

\f^n'^ X^H-^ \<^N^ 




I 



V 



tAAA/ 



vA/VU 




R 



R* 



R* 



\ 



1 ^ 





R 



\ 



O 



V 



N 



N 



N 



R* 





N R 



I 



N 




Q 



O 



R 




o 



R* R' 



N 



N 




R*-N 



N 




3 °1J 




i/VW 



R*y^ 



R 



\ 



N 



-A 




N 



R- 



R* Q' D* 

N N 



N 



sAAA/ 



.or 



uwru 



wherein each R* is independently: (1) H, (2), Ci_6 alkyl, (3) C(d)RA (4) SO2RA, (5) CO2RA, or (6) 
C1.6 alkyl substituted with OH, O-Ci-e alkyl, N(RA)rB, C(0)N(RA)RB, C(0)RA, CO2RA, 
C(0)-N(RA)-Ci-6 alkylene-ORB with the proviso that the N(RA) moiety and the ORB moiely are not 
both attached to the same carbon of the Ci-6 alkylene moiety, S(0)RA, SO2RA, S02N(RA)rB^ 
N(RA)C(0)RB, N(RA)S02RB, or 0C(0)RA; Q is O or C(RA)rB; and the 's denote the points at 
which rmg A is attached to tlie remainder of tlie naphthyridme ring with which it is fused; and all otlier 
variables are as originally defined or as defined in any one of the preceding embodiments. 
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A sub-embodiment of Embodiment El 5 is a compound of Formula I, or a 
phannaceutically acceptable salt thereof, wherein each R* is independently: (1) H, (2), Ci.6 alkyl, (3) 
C(0)RA (4) SO2RA, or (5) CO2RA; and ring A, Q and all other variables are as defined in Embodiment 
E15. 

A sixteenth embodiment of the present invention (Embodiment El 6) is a compound of 
Formula I, or a pharmaceutically acceptable salt thereof, wherein each RA and RB is independently H or 
Ci-4 alkyl; and all other variables are as originally defined or as defined in any one of the preceding 

embodiments. 

A seventeenth embodiment of the present invention (Embodiment El 7) is a compoxmd of 
Formula I, or a pharmaceutically acceptable salt thereof, wherein each RA and RB is independently H or 
Ci_3 alkyl; and all other variables are as originally defined or as defined in any one of the preceding 
embodiments. 

An eighteenth embodiment of the present invention (Embodiment El 8) is a compound of 
Formula I, or a pharmaceutically acceptable salt thereof, wherein each RA and RB is independently H or 
methyl; and all other variables are as originally defined or as defined in any one of the preceding 
embodiments. 

A nineteenth embodiment of tlie present invention (Embodiment El 9) is a compound of 
Formula I, or a pharmaceutically acceptable salt thereof, wherein bond " " in the ring is a single 
bond; and all other variables are as originally defined or as defined in any one of the preceding 
embodiments. 

A twentieth embodiment of the present invention (Embodiment E20) is a compound of 
Formula I, or a pharmaceutically acceptable salt thereof, wherein CycA, CycB, and CycC are each 
independently a C3.7 cycloalkyl which is optionally substituted with from 1 to 2 substituents each of 
which is independently C1.4 alkyl, 0-Ci«4 alkyl, phenyl, or benzyl; and all other variables are as 
originally defined or as defined in any one of the preceding embodiments. In an aspect of this 
embodiment, CycA, CycB, and CycC are each independently cyclopropane, cyclobutane, cyclopentane, 
or cyclohexane, any of which is optionajjy substituted withmethyl„or phenyl; and all other variables are 
as originally defined or as defined in any one of the preceding embodiments. 

A twenly-first embodiment of the present invention (Embodiment E21) is a compound of 
Formula I, or a phannaceutically acceptable salt thereof, wherein each aryl (i.e., the aryl incorporated 
into the definitions of AiyA, AryB, and AryC) is independently selected from the group consisting of 
phenyl, naphthyl, tetrahydronaphthyl (tetralinyl), indenyl, anthracenyl, or fluorenyl; and all other 
variables are as originally defined or as defined in any one of the preceding embodiments. In an aspect 
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of this embodiment, each aryl is independently selected from the group consisting of phenyl and 
naphthyl. In another aspect of this embodiment, each aryl is phenyl. 

A twenty-second embodiment of the present invention (Embodiment E22) is a compound 
of Formula I, or a pharmaceutically acceptable salt thereof, wherein each heteroaryl (i.e., the heteroaiyl 
incorporated into the definitions of HetA, HetB, and HetC) is independently selected jfrom the group 
consistmg of pyrrolyl, pyrazolyl, thienyl, furanyl, imidazolyl, triazolyl, tetrazolyl, oxazolyl, isooxazolyl, 
oxadiazolyl, oxatriazoiyl, thiazolyl, isothiazolyl, thiadiazolyl, pyridinyl (or pyridyl), pyrazmyl, 
pyrimidinyl, pyridazinyl, triazinyl, benzofuranyl, indolyl, indazolyl, naphthyridinyl, isobenzofuranyl, 
benzopiperidinyl, benzisoxazolyl, benzoxazolyl, chromenyl, quinolinyl, isoquinolinyl, cinnolinyl, 

°i _ n5 




10 quinazolinyU 2,3-dihydrobenzo-l,4-dioxinyl (i.e., and benzo-l,3-dioxolyl (i.e., ^^^O ); and 

all other variables are as originally defined or as defined in any one of the preceding embodiments. In an 
aspect of this embodiment, each heteroaryl is independently a 5- or 6-membered heteroaromatic ring 
selected from the group consisitng of pyrrolyl, pyrazolyl, thienyl, furanyl, imidazolyl, triazolyl, 
tetrazolyl, oxazolyl, isooxazolyl, oxadiazolyl, thiazolyl, isothiazolyl, thiadiazolyl, pyridinyl (or pyridyl), 

15 pyrazinyl, pyrimidinyl, and pyridazinyl. 

A twenty-third embodiment of the present invention (Embodiment E23) is a compound 
of Formula I, or a pharmaceutically acceptable salt thereof, wherein HetP and HetQ are each 
independently a 4- to 7-membered, saturated heterocyclic ring containing from 1 to 3 heteroatoms 
independently selected from N, O and S, where each S is optionally oxidized to S(0) or SO2; wherein 

20 the heterocyclic ring is optionally substituted with from 1 to 4 substituents each of which is 
independently halogen, C1.4 alkyl, C1-4 haloalkyl, O-Ci-4 alkyl, O-C1-4 haloalkyl, 0x0, 
C(0)N(RA)RB, C(0)C(0)N(RA)RB^ C(0)RA CO2RA SRA S(0)RA SO2RA, or S02N(RA)RB; and 

all other variables are as originally defined or as defined in any one of the preceding embodiments. In an 
aspect of this embodiment, HetP and HetQ are each independently selected from the group consisting of 

25 azetidinyl, piperidinyl, morpholinyl, thiomorpholinyl, thiazolidinyl, isothiazolidinyl, oxazolidinyl, 
isqxazplidinyl, pyrrolidinyl, imidazolidinyl, piperazinyl, tetrahydrofiiranyl, tetrahydrothienyl, 
pyrazolidinyl, hexahydropyrimidinyl, thiazinanyl, thiazepanyl, azepanyl, diazepanyl, tetrahydropyranyl, 
tetrahydrothiopyranyl, and dioxanyl. 

A twenty-fourth embodiment of the present invention (Embodiment E24) is a compound 

30 of Formula I, or a pharmaceutically acceptable salt thereof, wherein each CycD is independently a C3-7 

cycloalkyl which is optionally substituted with from 1 to 2 substituents each of which is independently 
Ci-4 alkyl, O-C1-4 alkyl, phenyl, or benzyl, hi an aspect of this embodiment, each CycD is 
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independently cyclopropane, cyclobutane, cyclopentane, or cyclohexane, any of which is optionally 

substituted with metliyl or phenyl; and all other variables are as originally defined or as defined in any 

one of the preceding embodiments. 

A twenty-fifiii embodiment of the present invention (Embodiment E25) is a compound of 

5 Formula I, or a pharmaceutically acceptable salt thereof, wherein each AryD is independently phenyl 
which is optionally substituted with from 1 to 3 substituents each of which is iadependently (1) Ci^4 

alkyl, (2) OH, (3) O-Ci-4 alkyl, (4) Ci-4 haloalkyl, (5) O-C1.4 haloalkyl, (6) halogen, (7) CN, (8) 
N(RA)RB, (9) C(0)N(RA)rB^ (10) C(0)RA (11) C(0)0RA (12) SRA (13) S(0)RA (14) SO2RA, 
(15) N(RA)S02RB, (16) N(RA)S02N(RA)RB^ (17) N(RA)C(0)RB, or (18) N(RA)C(0)C(0)N(RA)rB; 

10 and all other variables are as originally defined or as defined in any one of the preceding embodiments. 

A twenty-sixth embodiment of tlie present invention (Embodiment E26) is a compound 

of Formula I, or a pharmaceutically acceptable salt thereof, wherein each AryD is independently phenyl 
which is optionally substituted with jfrom 1 to 3 substituents each of which is independently (1) C1-4 

alkyl, (2) C1.4 haloa^l, (3) OH, (4) O-Ci^ alkyl, (5) halogen, (6) CN, (7) C(0)NH2, (8) 

15 C(0)NH(Ci-4 alkyl), (9) C(0)N(Ci.4 alkyl)2, or (10) SO2-C1.4 alkyl; and all other variables are as 

originally defined or as defined in any one of the preceding embodiments. In an aspect of this 
embodiment, the 1 to 3 substituents are each independently selected from the group consisting of CH3, 

CF3, OH, OCH3, CI, Br, F, CN, C(0)NH2, C(0)NH(CH3), C(0)N(CH3)2, or SO2CH3. 

A twenty-seventh embodiment of the present invention (Embodiment E27) is a 

20 compound of Formula I, or a pharmaceutically acceptable salt thereof, wherein each HetD is 

independently a 5- or 6-membered heteroaromatic ring independently selected from the group consisting 

of pyrrolyl, pyrazolyl, thienyl, furanyl, imidazolyl, triazolyl, tetrazolyl, oxazolyl, isooxazolyl, 

oxadiazolyl, oxatriazolyl, thiazolyl, isothiazolyl, thiadiazolyl, pyridinyl (or pyridyl), p3a-azinyl, 

pyrimidinyl, pyridazinyl, and triazinyl; wherein the heteroaromatic ring is optionally substituted with 
25 from 1 to 3 substituents each of which is independently (1) C1.4 alkyl, (2) OH, (3) O-C1-4 alkyl, (4) 
Ci«4 haloalkyl, (5) O^Ci-4 haloalkyl, (6) halogen, (7) CN, (8) N(RA)rB^ (9) C(0)N(RA)rB^ (10) 
C(0)RA (11) C(0)0RA, (12) SRA (13) S(0)RA (14) SO2RA (15) N(RA)S02RB, (16) 
N(RA)S02N(RA)rB^ (17) N(RA)C(0)RB, or (18) N(RA)C(0)C(0)N(RA)rB; and all other variables 

are as originally defined or as defined in any one of the preceding embodiments. 
30 A twenty-eighth embodiment of the present invention (Embodiment E28) is a compoimd 

of Formula I, or a pharmaceutically acceptable salt thereof, wherein each HetD is independently a 5- or 
6-membered heteroaromatic ring independently selected from the group consisting of the heteroaromatic 
rings set fortli in Embodiment E27, wherein tlie heteroaromatic ring is optionally substituted with from 1 



-19 



wo 2006/121831 



PCT/US2006/017369 



to 3 substituents each of which is independently (1) Ci-4 alkyl, (2) Ci-4 haloalkyl, (3) OH, (4) O-Ci-4 
alkyl, (5) halogen, (6) CN, (7) C(0)NH2, (8) C(0)NH(Ci-4 alkyl), (9) C(0)N(Ci-4 alkyl)2, or (10) 
SO2-C1-.4 alkyl; and all other variables are as originally defined or as defined in any one of the preceding 

embodiments. Jn an aspect of this embodiment, the 1 to 3 substituents are each independently selected 
5 from the group consisting of CH3, CF3, OH, OCH3, CI, Br, F, CN, C(0)NH2, C(0)NH(CH3), 
C(0)N(CH3)2, or SO2CH3. 

A twenty-ninth embodiment of the present invention (Embodiment E29) is a compoimd 
of Formula I, or a pharmaceutically acceptable salt thereof, wherein each HetD is independently a 5- or 
6-membered heteroaromatic ring containing a total of from 1 to 3 heteroatoms independently selected 

10 from 1 to 3 N atoms, from zero to 1 O atom, and from zero to 1 S atom, wherein the heteroaromatic ring 
is optionally substituted with 1 or 2 substituents each of which is independently C1-4 alkyl, OH, O-C1-4 
alkyl, halogen, CN, C(0)N(RA)rB^ C(0)RA C(0)0RA or SO2RA; and all other variables are as 

originally defined or as defined in any one of the preceding embodiments. 

A thirtieth embodiment of the present invention (Embodiment E30) is a compound of 

1 5 Formula I, or a pharmaceutically acceptable salt thereof, wherein each HetZ is independently a 4- to 7- 

membered, saturated heterocyclic ring containing from 1 to 3 heteroatoms independently selected from 
N, O and S, where each S is optionally oxidized to S(0) or SO2; wherein the heterocyclic ring is 

optionally substituted with from 1 to 4 substituents each of which is independently halogen, Ci«4 alkyl, 

C1.4 haloalkyl, O-C1-4 alkyl, O-C1-4 haloalkyl, 0x0, C(0)N(RA)rB^ C(0)C(0)N(RA)rB, C(0)RA 

20 CO2RA, SRA, S(0)RA, SO2RA, or S02N(RA)rB; and all other variables are as originally defined or as 

defined in any one of the preceding embodiments. In an aspect of this embodiment, each HetZ is 

independently a saturated heterocyclic ring selected from the group consisting of azetidinyl, piperidinyl, 

morpholinyl, thiomorpholinyl, thiazolidinyl, isothiazolidinyl, oxazolidinyl, isoxazolidinyl, p5aTolidinyl, 

imidazolidinyl, piperazinyl, tetrahydroftiranyl, tetrahydrothienyl, pyrazolidinyl, hexahydropyrimidinyl, 

25 thiazinanyl, thiazepanyl, azepanyl, diazepanyl, tetrahydropyranyl, tetrahydrothiopyranyl, and dioxanyl, 

wherein the ring is optionally substituted with from 1 to 2 substituents each of which is independently 
C 1-4 alkyl or 0x0. - - - - ■ _ - - - 

A thirty-first embodiment of the present invention (Embodiment E3 1) is a compound of 
Formula I, or a pharmaceutically acceptable salt thereof, wherein Y is a single bond, (CH2)l-.2? 

30 0-(CH2)l-2, (CH2)l.2-0, C(0), C(OHCH2)l-2, (CH2)l.2-C(0), C(0)-(CH2)l-2-0, 

C(OHCH2)l-2-0-(CH2)l-2, C(0)N(RAx C(0)N(RA)-(CH2)1-2, (CH2)1-2-C(0)N(RAx 

(CH2)1-2-C(0)N(RAkcH2)1-2, S(0), S(0)2, S(0)-(CH2)1-2, S(0)2-(CH2)1-2. (CH2)1-2-S(0), or 
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(CH2)l-2~S(0)2; and all other variables are as originally defined or as defined in any one of the 

preceding embodiments. 

A thirty-second embodiment of the present invention (Embodiment E32) is a compound 
of Formula I, or a pharmaceutically acceptable salt thereof, wherein each Z is independently a single 
5 bond, (CH2)l-2, O, 0-(CH2)l.2, (CH2)l-2-0, C(0), C(0)-(CH2)l-2, (CH2)l.2-C(OX 
C(0)-(CH2)l-2-0, C(OKCH2)l-2-0-(CH2)l-2, C(0)N(RA), C(0)N(RA)-(CH2)1-2, 
(CH2)1-2-C(0)N(RA), (CH2)i.2-C(0)N(RAhcH2)1.2, S(0), S(0)2, S(0KCH2)1-2, S(0)2-(CH2)1.2, 
(CH2)l-2-S(OX or (CH2)l-2-S(0)2; and all other variables are as originally defined or as defined in any 

one of the preceding embodiments. 
10 A first class of the present invention (alternatively referred to herein as "Class CI ") 

includes compounds of Formula Ila and Eb and pharmaceutically acceptable salts thereof: 




wherein: 

15 bond " " in the ring is a single bond or a double bond; 

R1, R2 and R3 are each as originally defined above or as defined in any one of the preceding 
embodiments; 

20 n is an integer equal to zero, 1, 2, or 3; 

WisOorN'-RS; 

R4is: 

25 (1) H, 

(2) €1-6 alkyl, or 

(3) Ci-6 alkyl substituted with OH or 0C(0)RA; 
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each R5 is independently: 

(1) ft 

(2) Ci.6 alkyi, 

(3) Ci .6 alkyl subsituted with OH, 
5 (4) OH, or 

(5) -RL; 

each R9 is independently H or Ci.6 alkyl; 
10 alternatively, R5 and R9 attached to the same ring carbon atom together form oxo or =C(RA)rB; 
R6 and R7 are each independently H, Ci.6 alkyl, or Ci-6 alkyl substituted with OH; and 



15 



20 



R8 is: 



(1) 

(2) 
(3) 
(4) 



(5) 



H, 

Ci.6 alkyl, 
Ci-6 haloalkyl, 

Ci-6 alkyl substituted with OH, 0-Ci,6 alkyl, N(RA)RB, C(0)N(RA)rB^ C(0)RA, 
CO2RA, C(0)-N(RA)-Ci -6 alkylene-ORB with the proviso that the N(RA) moiety and 
the ORB moiety are not both attached to the same carbon of the Ci^6 alkylene moiety, 
S(0)RA, SO2RA, S02N(RA)RB, N(RA)C(0)RB, N(RA)S02RB, or 0C(0)RA or 

Z-RL; 

wherein RA^ rB^ z and rL are each as originally defined above. 



25 It is understood that n = 0 means a 5-membered ring with a direct bond between the ring 

N atom shared with the naphthyridine ring and the ring carbon to which R4 is attached 

A subclass of the first class (alternatively referred to as "Subclass SCl-1 ") includes 
compounds of Fonnula Ha and lib, and pharmaceutically acceptable salts thereof, wherein Rl is as 
defined in Embodiment ElO; and all other variables are as originally defined Class Cl. 

30 A second class of the present invention (Class C2) includes compounds of Formula Ha* 

and nb' and pharmaceutically acceptable salts thereof: 



22- 



wo 2006/121831 



PCT/US2006/017369 




IJI'M^RS 
O 



(Ha-) 




(lib') 



wherein: 



R^isHorCi-ealkylj 



each R5 is independently H or Ci_6 alkyl; 
r6 and R7 are each independently H or Ci-6 allQ'l; and 
10 r8 is: 

(1) H, 

(2) Ci.6 alkyl, 

(3) Ci.6 haloalkyU 

(4) Ci.6 alkyl substituted with C(0)N(RA)RB, C(0)RA, CO2RA, C(0>N(RA)-Ci-6 

15 alkylene-ORB with tlie proviso that the NORA) moiety and the ORB moiety are not both 

attached to the same carbon of the Ci_6 alkylene moiety, S(0)RA, SO2RA, or 
S02N(RA)RB, or 

(5) Z-RL; 

and all other variables are as originally defined in Class CI. 
20 A subclass of the second class (Subclass SC2-1) includes compounds of Formula Da' and 

nb', and pharmaceutically acceptable salts thereof, wherein W is O, NH, or N-Ci_6 alkyl; and all other 

.. variables are as originally defined in the second class. 

Another subclass of the second class (Subclass SC2-2) includes compounds of Formula 
Ha' and Hb', and pharmaceutically acce^jtable salts thereof, wherein W is O, NH, or N-Ci_4 aJkyl; and all 

25 other variables are as originally defined in the second class. 

Another subclass of the second class (Subclass SC2-3) includes compounds of Formula 
Ha' and Hb', and pharmaceutically acceptable salts thereof, wherein W is O; and all other variables are as 
originally defined in the second class. 
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Still another subclass of the second class (Subclass SC2-4) includes compounds of 
Formula Ha' and nb', and pharmaceutically acceptable salts thereof, wherein W is NH or N-Ci-4 alkyl; 

and all other variables are as originally defined in the second class. 

Still another subclass of the second class (Subclass SC2-5) includes compoimds of 
5 Formula Ha' and Db', and pharmaceutically acceptable salts thereof, wherein W is NH or N-C1-3 alkyl; 

and all other variables are as originally defined in the second class. 

Still another subclass of the second class (Subclass SC2-6) includes compounds of 
Formula Ha' and lib*, and pharmaceutically acceptable salts thereof, wherein W is NH or N-CH3 ; and all 

other variables are as originally defined in the second class. 

10 Still another subclass of the second class (Subclass SC2-7) includes compounds of 

Formula Ha' and lib*, and pharmaceutically acceptable salts thereof, wherein Z is a single bond, 
(CH2)l-2, O, 0-(CH2)l-2, (CH2)l-2-0, C(0), C(0)-(CH2)l.2. (CH2)l-2-C(0), C(0)-(CH2)l-2-0, 
C(0)-(CH2)l.2-0-(CH2)l.2, C(0)N(RA), C(0)N(RA)-(CH2)1-2, (CH2)1-2-C(0)N(RAx 
(CH2)i.2-C(0)N(RAkCH2)1-2, S(0), S(0)2, S(0>(CH2)l.2, S(0)2-(CH2)l-2, (CH2) 1-2-8(0), or 

15 (CH2)l-2-S(0)2; and all other variables are as originally defined in the second class or as defined in any 

of the preceding subclasses of the second class. 

A third class of the present invention (Class C3) includes compounds of Formula Ilia, 
mb, nic, and Hid and pharmaceutically acceptable salts thereof: 




wherein: 
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bond " " in the ring is a single bond or a double bond; 
r2 and R3 are each independently H or Ci-4 alfcyl; 

5 R4 is: 

(1) H, 

(2) Ci-4 alkyl, or 

(3) Ci.4 alkyl substituted with OH or 0C(0)RA; 
10 R5a is H, C 1 -4 alkyl, OH or -HetR; 

R9aisHorCi^aa!yl; 

alternatively, R5a and R9a together form oxo; 

15 

R5b is H, Cm alkyl, or OH; 
R9b is H or C 1-4 alkyl; 
20 R5c is H, Ci_4 alkyl, or Ci-4 alkyl substituted with OH; 
R9o is H or Ci^ alkyl; 

alternatively, R5c and R9c together form =CH2; 

25 

with the proviso that when one of R5a, R5b and R5c is other than H or Ci-4 alkyl, then the other two of 
. R5a, R5b and R5c is H or Gi_4 alkyl; - . 

one of R6 and r7 is H, C1.4 alkyl, or Ci_4 allQ'l substituted with OH, and the other of R6 and R^ is H or 
30 Ci_4 alkyl; 

R8is: 

(1) H, 
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(2) 
(3) 
(4) 



Ci-4 alkyl, 
Ci^4 haloalkyl. 



Cl.4 alkyl substituted with OH, O-C1.4 alkyl, N(RA)RB, C(0)N(RA)rB, C(0)RA 
CO2RA S(0)RA SO2RA, S02N(RA)rB, N(RA)C(0)RB, N(RA)S02RB, or 
0C(0)RA 



(5) Ci-4 alkylene-HetC, or 

(6) Ci-4 alkylene-HetR; 

HetC is a 5- or 6-membered heteroaromatic ring containing a total of from 1 to 3 heteroatoms 
10 independently selected from 1 to 3 N atoms, from zero to 1 O atom, and from zero to 1 S atom, wherein 
the heteroaromatic ring is optionally substituted with 1 or 2 substituents each of which is independently 
C1.4 alkyl, OH, O-C1.4 alkyl, halogen, CN, C(0)N(RA)rB^ C(0)RA C(0)0RA or SO2RA; 

HetR is a 5- or 6-membered saturated heterocyclic ring containing a total of from 1 to 2 heteroatoms 
1 5 selected from 1 to 2 N atoms, zero to 1 O atom, and zero to 1 S atom, wherein the S atom is optionally 
S(0) or SO2, wherein the saturated heterocyclic ring is optionally substituted with from 1 to 2 
substituents each of which is independently C1-4 alkyl, 0x0, C(0)N(RA)rB, C(0)RA CO2RA or 
SO2RA; 

20 each RA is independently H or Ci^4 alkyl; 

each RB is independently H or Ci«4 alkyl; and 

Vl, V2 and V3 are as defined in Embodiment ElO. 
25 As an example of the proviso for R5a, R5b and R5c in Class C3, when R5a is OH or 

-HetR or when R5a and R9a together form 0x0, then R^b and R5c are each independently H or C1-4 

alkyL 

A fourth class of the present invention (Class C4) includes compounds of Fomiula nia* 
and Hid' and pharmaceutically acceptable salts thereof: 
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wherein: 

a , 

bond " =x=r " in the ring is a single bond or a double bond; 
n is an integer equal to zero^ 1, 2 or 3; 
vl and V2 are each independently: 





(1) 


H, 


10 


(2) 


C1.4 alkyl. 




(3) 


OH, 




(4) 


0-Ci_4 allsyl. 




(5) 


Ci-4 haloalkyl. 




(6) 


0-Ci_4 haloalkyl. 


15 


(7) 


halogen. 




(8) 


CN, 




(9) 


N(RA)RB, 




(10) 


C(0)N(RA)rB^ 




(11) 


C(0)RA, 


20 


(12) 


C(0)0RA, 




(13) 


sra. 




. . (14). 


S(0)RA, - 




(15) 


S02RA, 




(16) 


N(RA)S02RB, 


25 


(17) 


N(RA)S02N(RA)rB, 




(18) 


N(RA)C(0)RB, 




(19) 


N(RA)C(0)C(0)N(RA)rB, 




(20) 


HetD, 
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(21) HetZ, or 

(22) C(0)-HetZ, 
wherein 

HetD is a 5- or 6-membered heteroaromatic ring containing a total of from 1 to 3 

5 heteroatoms independently selected from 1 to 3 N atoms, from zero to 1 O atom, and 

from zero to 1 S atom, wherein the heteroaromatic ring is optionally substituted with 1 or 
2 substituents each of which is independently Ci-4 alkyl, OH, O-Ci-4 alkyl, halogen, 
CN, C(0)N(RA)rB^ C(0)RA C(0)0RA or SO2RA, 

HetZ is a 5- or 6-membered saturated heterocyclic ring containing a total of from 

10 1 to 2 heteroatoms selected from 1 to 2 N atoms, zero to 1 O atom, and zero to 1 S atom, 

wherein the S atom is optionally S(0) or SO2, wherein the saturated heterocyclic ring is 

optionally substituted with from 1 to 2 substituents each of which is independently C1-4 
alkyl, 0x0, C(0)N(RA)rB^ C(0)RA, CO2RA or SO2RA 

and with the proviso that when HetZ is attached to the rest of the compound via 
1 5 the C(0) moiety, then HetZ is attached to the C(0) via a ring N atom; 

or alternatively Vl and are respectively located on adjacent carbons in the phenyl ring and together 
form methylenedioxy or ethylenedioxy; 

20 V3 is: 

(1) H, 

(2) C1.4 alkyl, 

(3) O-C 1-4 alkyl, 

(4) Ci-4 haloalkyl, 

25 (5) O-Ci-4 haloalkyl, or 

(6) halogen; 

W is O, NH, N-Ci-4 alkyl, NC(0)-Ci.4 alkyl, N-C(0)0-Ci-4 alkyl, or N-SO2-C1.4 alkyl; 
30 R2 and R3 are each independently H or C1-4 alkyl; 
R6 and R7 are each independently H or C1-4 alkyl; 
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each RA is independently H or C1-4 alkyl; and 
each RB is independently H or Ci«4 alkyl. 

A subclass of the fourth class (Subclass SC4-1) includes compounds of Formula IHa* and 
nid', and pharmaceutically acceptable salts thereof, wherein: 

bond " =^=^ " in the ring is a single bond; 

n is an integer equal to 1, 2 or 3; 

Vl and V2 are each independently: 



(1) 


H, 


(2) 


Ci-4 alkyl. 


(3) 


C1.4 haloaUiyl, 


(4) 


OH, 


(5) 


O-C1.4 alkyl. 


(6) 


halogen. 


(7) 


CN, 


(8) 


C(0)NH2, 


(9) 


C(0)NH(Ci.4 alkyl), 


(10) 


C(0)N(Cm alkyl)2, or 


(11) 


S02-Ciw!|. alkyl; 



or alternatively Vl and V2 are respectively located on adjacent carbons in the phenyl ring and together 
form methylenedioxy or ethylenedioxy; and 

V3 is H, halogen, C1-4 alkyl, or O-C1.4 alkyl; 

and all other variables are as originally defined in the Class C4. 

A fifth class of the present invention (Class C5) includes compounds of Fonnula Ilia' and 
md' and pharmaceutically acceptable salts thereof, wherein: 
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bond " " in the ring is a single bond; 
n is an integer equal to 1, 2 or 3; 
vl aad V2 are each independently: 



(1) 




(2) 


CH3, 


(3) 


CF3, 


(4) 


OH, 


(5) 


OCH3, 


(6) 


CI, Br, or F, 


(7) 


CN, 


(8) 


C(0)NH2, 


(9) 


C(0)NH(CH3), 


(10) 


C(0)N(CH3)2, or 


(11) 


SO2CH3; 



V3 is H, CI, Br, F, CH3, or OCH3; 
Wis 0,NH,orN-CH3; 

R2 and R3 are both H; and 

R6 and are each independently H or CH3. 

A sixth class of the present invention (Class C6) includes compounds of Formula Ula, 
nib, nic and Hid and pharmaceutically acceptable salts thereof, wherein: 

g 

bond " " in the ring is a single bond; 
R2 and R3 are each independently H or CH3; 

R4is: 

(1) a 
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5 



(2) 
(3) 
(4) 
(5) 
(3) 
(4) 



CH3, 
CH2CH3, 

CH2CH2CH3, 

CH(CH3)2, 
(CH2)l-3-OH, or 
(CH2)1-3-0C(0)RA; 



R5a is H, CH3, CH2CH3, CH2CH2CH3, CH(CH3)2, OH or -HetR; 



10 R9a is H, CH3, CH2CH3, CH2CH2CH3, or CH(CH3)2; 



alternatively, R5a and R£*a together form 0x0; 



R5b is H, CH3, CH2CH3, CH2CH2CH3, CH(CH3)2, or OH; 

15 

R9b is H, CH3, CH2CH3, GH2CH2CH3, or CH(CH3)2; 
R5c is H, CH3, CH2CH3, CH2CH2CH3, CH(CH3)2, or (CH2)l-3-OH; 
20 R9c is H, CH3, CH2CH3, CH2CH2CH3, or CH(CH3)2; 
alternatively, R5c and r9c together form =CH2; 

with the proviso that when one of R5a, R5b and R5c is other than H, CH3, CH2CH3, CH2CH2CH3, or 
25 CH(CH3)2, then the other two of R5a R5b and R5c is H, CH3 , CH2CH3 , CH2CH2CH3 , or CH(CH3 )2; 

one of r6 and R7 is H, CH3, CH2CH3, CH2GH2CH3, CH(CH3)2 or (CH2)i:3-OH, and the other of r6 
and R7 is H or CH3; 



30 



RSis: 



(1) 
(2) 

(3) 



CH3, 
CH2CH3, 
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(4) CH2CH2CH3, 

(5) CH(CH3)2, 

(6) CH2CH2CH2CH3, 

(7) C(CH3)3, 

(8) CH2CH(CH3)2, 

(9) CH(CH3)CH2CH3, 

(10) CF3, 

(1 1) CH2CF3, 

(12) (CH2)2-4-U, wherein U is OH, OCH3, N(RA)RB, N(RA)C(0)RB, N(RA)s02RB, or 
0C(0)RA, 

(13) (CH2)i-4-V, wherein V is C(0)N(RA)RB, C(0)RA CO2RA S(0)RA SO2RA or 
S02N(RA)rB, 

(14) (CH2)2-4-HetC, or 

(15) (CH2)2-4-HetR; 

HetC is a 5-membered heteroaromatic ring selected fix)m the group consisting of: 

^\ r^"^. r^N 



J XJ XJ" x> 



, and 



HetR is a 5- or 6-membered saturated heterocyclic ring selected jfrom the group consisting of: 







*-N^ .^N^ 

» » , and 




the asterisk * in HetC and HetR denotes tlie point of attachment to the rest of the molecule; 
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each RA is independently H or CH3; 
each RB is independently H or CH3; 

Vl and V2 are each independently: 

(1) H, 

(2) CH3, 

(3) CF3, 

(4) OH, 

(5) OCH3, 

(6) CI, Br, or F, 

(7) CN, 

(8) C(0)NH2, 

(9) C(0)NH(CH3), 

(10) C(0)N(CH3)2, or 

(11) S02CH3;and 

V3 is H, CI, Br, F, CH3, or OCH3. 

Another embodiment of the present invention is a compound, or a pharmaceutically 
acceptable salt thereof, selected from the group consisting of the compoxmds set forth in Examples 1 to 
64. Another embodiment of the present invention is a compound, or a pharmaceutically acceptable salt 
thereof, selected from the group consisting of the compounds set forth in Examples 1 to 9. Another 
embodiment of the present invention is a compound, or a pharmaceutically acceptable salt thereof, 
selected from the group consisting of the compounds set forth in Examples 10 to 64. 

Another embodiment of the present invention is a compound of Formula I, or a 
pharmaceutically acceptable salt thereof, as originally defined or as defined in any of the foregoing 
embodiments, classes, subclasses, aspects, or features, wherein the compound or its salt is substantially 
pure. As used herein "substantially pure" means that the compound or its salt is present (e.g., in a 
product isolated from a chemical reaction or a metabolic process) in an amount of at least about 90 wt.% 
(e.g., from about 95 wt.% to 100 wt.%), preferably at least about 95 wt.% (e.g,, from about 98 wt.% to 
100 wt.%), more preferably at least about 99 wt.%, and most preferably 100 wt.%. The level of purity of 
tlie compounds and salts can be determined using standard methods of analysis. A compound or salt of 
100% pm-ity can alternatively be described as one which is free of detectable impurities as determined by 
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one or more standard methods of analysis. With respect to a compound of the invention which has one 
or more asymmetric centers and can occur as mixtures of stereoisomers, a substantially pure compound 
can be either a substantially pure mixture of the stereoisomers or a substantially pure individual 
diastereomer or enantiomer. 

Other embodiments of the present invention include tlie following: 

(a) A pharmaceutical composition comprising an effective amount of a compound of 
Formula I and a pharmaceutically acceptable carrier. 

(b) A pharmaceutical composition which comprises the product prepared by 
combining (e.g., mixing) an effective amount of a compound of Formula I and a pharmaceutically 
acceptable carrier. 

(c) The pharmaceutical composition of (a) or (b), further comprising an effective 
amount of an anti-HIV agent selected from the group consisting of HIV antiviral agents, 
immunomodulators, and anti-infective agents. 

(d) The pharmaceutical composition of (c), wherein the anti-HIV agent is an 
antiviral selected from the group consisting of HIV protease inhibitors, non-nucleoside HIV reverse 
transcriptase inhibitors, and nucleoside HIV reverse transcriptase inhibitors, 

(e) A pharmaceutical combination which is (i) a compound of Formula I and (ii) an 
anti-HrV agent selected from the group consisting of HIV antiviral agents, immunomodulators, and anti- 
infective agents; wherein the compound of Formula I and the anti-HIV agent are each employed in an 
amount that renders the combination effective for the inhibition of HIV integrase, for the treatment or 
prophylaxis of infection by HTV, or for the treatment, prophylaxis or delay in the onset of ADDS. 

(f) The combination of (e), wherein the anti-HIV agent is an antiviral selected from 
the group consisting of HIV protease inhibitors, non-nucleoside HIV reverse transcriptase inhibitors and 
nucleoside HIV reverse transcriptase inhibitors. 

(g) A method of inhibiting HIV integrase in a subject in need tliereof which 
comprises administering to the subject an effective amount of a compound of Formula L 

(h) A method for the treatment or prophylaxis of infection by HIV in a subject in 
need thereof which comprises administering to the subject an effective amount of a compound of 
Formula L 

(i) The method of (h), wherein the compound of Formula I is administered in 
combination with an effective amoimt of at least one antiviral selected from the group consisting of HIV 
protease inhibitors, non-nucleoside HIV reverse transcriptase inhibitors, and nucleoside HIV reverse 
transcriptase inhibitors. 
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(j) A method for the treatment, prophylaxis, or delay in the onset of ADDS in a 
subject in need thereof which comprises administering to the subject an effective amount of a compound 
of Formula 1. 

(k) The method of (j), wherein the compound is administered in combination with 
an effective amount of at least one antiviral selected from the group consisting of HIV protease 
inhibitors, non-nucleoside HIV reverse transcriptase inhibitors, and nucleoside HIV reverse transcriptase 
inhibitors. 

(1) A method of inhibiting HIV integrase in a subject in need thereof which 
comprises administering to the subject the pharmaceutical composition of (a), (b), (c) or (d) or the 
combination of (e) or (f). 

(m) A method for the treatment or prophylaxis of infection by HTV in a subject in 
need thereof which comprises administering to the subject the pharmaceutical composition of (a), (b), (c) 
or (d) or the combination of (e) or (f). 

(n) A method for the treatment, prophylaxis, or delay in the onset of AIDS in a 
subject in need thereof which comprises administering to the subject the pharmaceutical composition of 
(a), (b), (c) or (d) or the combination of (e) or (f). 

The present invention also includes a compound of the present invention (i) for use in, 
(ii) for use as a medicament for, or (iii) for use in the preparation of a medicament for: (a) the inhibition 
of HIV integi ase, (b) treatment or prophylaxis of infection by HIV, or (c) treatment, prophylaxis, or delay 
in the onset of ADDS. In these uses, the compounds of the present invention can optionally be employed 
in combination witli one or more anti-HIV agents selected from HIV antiviral agents, anti-infective 
agents, and immunomodulators. 

« 

Additional embodiments of the invention include the pharmaceutical compositions, 
combinations and methods set forth in (a)-(n) above and the uses set fortli in the preceding paragraph, 
wherein the compound of the present invention employed therein is a compomid of one of the 
embodiments, aspects, classes, subclasses, or features of the compounds described above. Ih all of these 
embodiments, , the compound may optionally be used in the form of a pharmaceutically acceptable salt. 

The present invention also includes prodrugs of the compounds of Formula I. The term 
"prodrug" refers to a derivative of a compound of Formula I, or a pharmaceutically acceptable salt 
thereof, which is converted in vivo into Compoimd I. Prodrugs of compounds of Formula I can exhibit 
enhanced solubility, absorption, and/or lipophilicity compared to the compoxmds per se, thereby resulting 
in increased bioavailability and efficacy. The in vivo conversion of the prodrug can be tlie result of an 
enzyme-catalyzed chemical reaction, a metabolic chemical reaction, and/or a spontaneous chemical 
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reaction (e.g., solvolysis). The prodrug can be, for example, a derivative of a hydroxy group such as an 
ester (-OC(O)R), a carbonate ester (-OC(O)ORX a phosphate ester (-0-P(=0)(0H)2), or an ether (-OR). 
Other examples include the following: When the compound of Formula I contains a carboxylic acid 
group, the prodrug can be an ester or an amide, and when the compound of Formula I contains a primary 
amino group, the prodrug can be an amide, carbamate, imine, or a Mannich base. One or more functional 
groups in Compound I can be derivatized to provide a prodrug thereof Conventional procedures for the 
selection and preparation of suitable prodrug derivatives are described, for example, in Design of 
Prodrugs, edited by H. Bundgaard, Elsevier, 1985; C. S. Larsen and J. Ostergaard, "Design and 
application of prodrugs" in: Textbook of Drug Design and Discovery. 3'"* edition, edited by C. S. Larsen, 
2002, pp. 410-458; and Beaumont et al.. Current Drug Metabolism 2003, vol. 4, pp. 461-458; the 
disclosures of each of which are incorporated herein by reference in their entireties. Prodrugs of 
compounds of Formula I can also be selected and prepared by application of the descriptions in WO 
2005/070901 and WO 2005/1 17904, both herein incorporated by reference in their entireties. 

As used herein, the term "alkyl" refers to any linear or branched chain alkyl group 
having a number of carbon atoms in the specified range. Thus, for example, "Ci-6 alkyl" (or "Ci-C6 

alkyl") refers to all of the hexyl alkyl and pentyl alkyl isomers as well as n-, iso-, sec- and t-butyl, n- and 
isopropyl, ethyl and methyl. As another example, "C1.4 alkyl" refers to n-, iso-, sec- and t-butyl, n- and 
isopropyl, ethyl and methyl. 

The term "alkylene" refers to any divalent linear or branched chain aliphatic hydrocarbon 
radical (or alternatively an "alkanediyl") having a number of carbon atoms in the specified range. Thus, 
for example, "-C1.6 alkylene-" refers to any of the Ci to C6 linear or branched alkylenes. A class of 
alkylenes of particular interest with respect to the invention is -(CH2)l-6-. and subclasses of particular 
interest include -(CH2)l-4-, -(CH2)l-3-, -(CH2)l-2-, and -CH2-. Also of interest is the alkylene 
-CH(CH3)-. 

The term "C(0)" refers to carbonyl. The terms "S(0)2" and "SO2" each refer to 
sulfonyl. The term "S(0)" refers to sulfinyL 

, , The symbols and ".nn^" ,at the end of a bond each refer to the point of attachment of a 
functional group or other chemical moiety to the rest of the molecule of which it is a part. 

The terms "cycloalkyl" refers to any cyclic ring of an alkane having a number of carbon 
atoms in the specified range. Thus, for example, "C3-8 cycloalkyl" (or "C3-C8 cycloalkyl") refers to 

cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and cyclooctyl. 

The term "halogen" (or "halo") refers to fluorine, chlorine, bromine and iodine 
(alternatively referred to as fluoro, chloro, bromo, and iodo). 
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The term "haloalkyl" refers to an alkyl group as defined above in which one or more of 
the hydrogen atoms has been replaced with a halogen (i.e., F, CI, Br and/or I). Thus, for example, "Ci-6 

haloalkyl" (or "Ci-Cg haloalkyl") refers to a Ci to C6 linear or branched alkyl group as defined above 

with one or more halogen substituents. The term "fluoroalkyl" has an analogous meaning except that the 
5 halogen substituents are restricted to fluoro. Suitable fluoroalkyls include the series (CH2)0-4CF3 (i.e., 

trifluoromethyl, 2,2,2-trifluoroethyl, 3,3,3-trifluoro-n-propyl, etc.). 

Unless expressly stated to the contrary, all ranges cited herein are inclusive. For 
example, a heterocyclic ring described as containing from "1 to 4 heteroatoms" means the ring can 
contain 1, 2, 3 or 4 heteroatoms. It is also to be understood that any range cited herein includes within its 

1 0 scope all of the sub-ranges within that range. Thus, for example, a heterocyclic ring described as 
containing from "1 to 4 heteroatoms" is intended to include as aspects thereof, heterocyclic rings 
containing 2 to 4 heteroatoms, 3 or 4 heteroatoms, 1 to 3 heteroatoms, 2 or 3 heteroatoms, 1 or 2 
heteroatoms, 1 heteroatom, 2 heteroatoms, and so forth. As another example, an aryl or heteroaryl 
described as optionally substituted with "from 1 to 5 substituents" is intended to include as aspects 

15 thereof, an aryl or heteroaryl optionally substituted with 1 to 4 substituents, 1 to 3 substituents, 1 to 2 
substituents, 2 to 5 substituents, 2 to 4 substituents, 2 to 3 substituents, 3 to 5 substituents, 3 to 4 
substituents, 1 substituent, 2 substituents, 3 substituents, 4 substituents, and 5 substituents. 

When any variable (e.g., K\ RB^ or AryD) occurs more than one time in any constituent 
or in Formula I or in any other formula depicting and describing compounds of the invention, its 

20 definition on each occurrence is independent of its definition at every other occurrence. Also, 

combinations of substituents and/or variables are permissible only if such combinations result in stable 
compounds. 

It is understood that the right side of a group Y is attached to RK and the left side of a 
group Y is attached to the rest of the molecule. Thus, for example, for Y = Ci-6 alkylene-C(O) (e.g., 
25 (CH2)l-2-C(0) ), RK is attached to the carbonyl; i.e., Ci^e alkylene'-C(0)-RK (e.g., 

(CH2)1-2~C(0)-RK.). Similarly, it is understood that the right side of a group Z is attached to RL and the 
left side of a group. Z is. attached to ring A. Thus, for example, for Z = G i^Q alkylenC''C(0) (e.g., 
(CH2)l.2-C(0) ), RL is attached to the carbonyl; i.e., Ci-e alkylene-C(0)-RL (e.g., (CH2)1-2-C(0)-.RL), 

The term "substituted" (e.g., as in "is optionally substituted with from 1 to 5 substituents 
30 ...") includes mono- and poly-substitution by a named substituent to the extent such single and multiple 
substitution (including multiple substitution at the same site) is chemically allowed. Unless expressly 
stated to the contrary, substitution by a named substituent is permitted on any atom in a ring (e.g., aryl, a 
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heteroaromatic ring, or a saturated heterocyclic ring) provided such ring substitution is chemically 
allowed and results in a stable compound. 

Any of the various carbocyclic and heterocyclic rings and ring systems defined herein 
may be attached to the rest of the compound at any ring atom (i.e., any carbon atom or any heteroatom) 
5 provided that a stable compound results. 

A "stable" compound is a compound which can be prepared and isolated and whose 
structure and properties remain or can be caused to remain essentially unchanged for a period of time 
sufficient to allow use of the compound for the purposes described herein (e.g., therapeutic or 
prophylactic administration to a subject). 
10 As a result of the selection of substituents and substituent patterns, certain of the 

compounds of the present invention can have asymmetric centers and can occur as mixtures of 
stereoisomers, or as individual diastereomers or enantiomers. All isomeric forms of these compounds, 
whether isolated or in mixtures, are within the scope of the present invention. 

As would be recognized by one of ordhiary skill in the art, certain of the compounds of 
15 the present invention can exist as tautomers. All tautomeric forms of these compounds, whether isolated 
or in mixtures, are within the scope of the present invention. 

In instances where a hydroxy (-OH) substituent is permitted on a heteroaromatic ring and 
keto-enol tautomerism is possible, it is understood that the substituent might in fact be present, in whole 
or in part, in the keto form, as exemplified here for a hydroxypyridinyl substituent: 



O OH 




Compounds of the present invention having a hydroxy substituent on a carbon atom of a heteroaromatic 
ring are understood to include compounds in which only the hydroxy is present, compoxmds in which 
only the tautomeric keto form (i.e., anoxo substitutent) is present, and compounds in which the keto and 

enol forms are both present. 
25 Certain of the compounds of the present invention can exhibit a chnality resulting firom 

the presence of bulky substituents that hinder the otherwise free rotation about a bond. These rotational 
enantiomers are named atropisomers, and the mterconversion can be sufficiently slow to allow for their 
separation and characterization. See, e.g., J. March, Advanced Organic Chemistrv . 4th Edition, Jolm 
Wiley & Sons, 1992, pp. 101-102; and Ahmed et al., Teti^ahedron 1998, 13277. For example, certain of 
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the compounds of the present invention as exemplified with structures A and B below in which there 
could be sufficient hindrance to rotation along the bond indicated with an arrow to permit separation of 
the enantiomers using, e.g., column chromatography on a chiral stationary phase. The present invention 
includes atropisomers of compounds embraced by Formula I, singly and in mixtures. 



I 




5 O OH (A) O OH (B) 

The compounds of the present inventions are useful in the inhibition of HIV integrase 
(e.g., HIV-1 integrase), the prophylaxis or treatment of infection by HIV and the prophylaxis, treatment 
or the delay in the onset of consequent pathological conditions such as AIDS. The prophylaxis of AIDS, 
treating AIDS, delaying the onset of AIDS, the prophylaxis of infection by HIV, or treatmg infection by 

10 HIV is defined as including, but not limited to, treatment of a wide range of states of HIV infection: 
AIDS, AKC (AIDS related complex), both symptomatic and asymptomatic, and actual or potential 
exposure to HTV. For example, the compounds of this invention are useful in treating infection by HTV 
after suspected past exposure to HTV by such means as blood transfusion, exchange of body fluids, bites, 
accidental needle stick, or exposure to patient blood during surgery. 

1 5 The compoimds of this invention are useful in the preparation and execution of screening 

assays for antiviral compounds. For example, the compoimds of this invention are usefiil for isolating 
enzyme mutants, which are excellent screening tools for more powerful antiviral compounds. 
Furthermore, the compounds of this iavention are useful in establishing or determining the binding site of 
other antivirals to HTV integrase, e.g., by competitive inhibition. Thus the compounds of this invention 

20 can be commercial products to be sold for these purposes. 

The compounds otthe present invention can be administered in the form of 
pharmaceutically acceptable salts. The term "pharmaceutically acceptable salt" refers to a salt which 
possesses tlae effectiveness of the parent compound and which is not biologically or otherwise 
imdesirable (e.g., is neither toxic nor otherwise deleterious to the recipient thereof). Suitable salts 

25 include acid addition salts which may, for example, be formed by mixing a solution of tlie compound of 
the present invention with a solution of a pharmaceutically acceptable acid such as hydrochloric acid, 
sulfuric acid, acetic acid, trifluoroacetic acid, or benzoic acid. Certain compounds of the invention carry 
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an acidic moiety, in which case suitable pharmaceutically acceptable salts thereof can include alkali 
metal salts (e.g., sodium or potassium salts), alkaline earth metal salts (e.g., calcium or magnesium salts), 
and salts formed with suitable organic ligands such as quaternary ammonium salts. Also, in the case of 
an acid (-COOH) or alcohol group being present, pharmaceutically acceptable esters can be employed to 
5 modify the solubility or hydrolysis characteristics of the compound. 

The term "administration" and variants thereof (e.g., "administered" or "administering") 
in reference to a compound of the invention mean providing the compound or a prodrug of the compound 
to the individual in need of treatment or prophylaxis. When a compound of the invention or a prodrug 
thereof is provided in combination with one or more other active agents (e.g., antiviral agents useful for 

10 the prophylaxis or treatment of HIV infection or AIDS), "administration" and its variants are each 
understood to include provision of the compound or prodrug and other agents at the same time or at 
different times. When the agents of a combination are administered at the same time, they can be 
administered together in a single composition or they can be administered separately. 

As used herein, the term "composition" is intended to encompass a product comprising 

1 5 the specified ingredients, as well as any product which results, directly or indirectly, from combining the 
specified ingredients. 

By "pharmaceutically acceptable" is meant that die ingredients of the pharmaceutical 
composition must be compatible with each other and not deleterious to the recipient thereof. 

The term "subject" (or, alternatively, "patient") as used herein refers to an animal, 
20 preferably a mammal, most preferably a human, who has been the object of treatment, observation or 
experiment. 

The term "effective amount" as used herein means that amount of active compound or 
pharmaceutical agent that elicits the biological or medicinal response in a tissue, system, animal or 
human that is being sought by a researcher, veterinarian, medical doctor or other clinician. In one 

25 embodiment, the effective amount is a "therapeutically effective amount" for the alleviation of the 

symptoms of the disease or condition being treated. In another embodiment, the effective amount is a 
"prophy lactically effejctive amount" for prophylaxis of the symptoms of the disease or condition being 
prevented. The term also includes herein the amount of active compound sufficient to inhibit HIV 
integrase and thereby elicit the response being souglit (i.e., an "inhibition effective amount"). When the 

30 active compound (i.e., active ingredient) is administered as the salt, references to the amount of active 
ingredient are to the free acid or free base form of the compoxmd. 

For die purpose of the inhibition of HIV integrase, the prophylaxis or treatment of HIV 
infection, or the prophylaxis or treatment or delay in the onset of AIDS, the compounds of the present 
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invention, optionally in the fonn of a salt, can be administered by any means that produces contact of the 
active agent with the agent's site of action. They can be administered by any conventional means 
available for use in conjunction with pharmaceuticals, either as individual therapeutic agents or in a 
combination of therapeutic agents. They can be administered alone, but typically are administered with a 
5 pharmaceutical carrier selected on the basis of the chosen route of administration and standard 

pharmaceutical practice. The compounds of the invention can, for example, be administered orally, 
parenterally (including subcutaneous injections, intravenous, intramuscular, intrastemal injection or 
infusion techniques), by inhalation spray, or rectally, in the form of a unit dosage of a pharmaceutical 
composition containing an effective amount of the compound and conventional non-toxic 

10 pharmaceutically-acceptable carriers, adjuvants and vehicles. Liquid preparations suitable for oral 

administration (e.g., suspensions, syrups, elixirs and the like) can be prepared according to techniques 
known in the art and can employ any of the usual media such as water, glycols, oils, alcohols and the 
like. Solid preparations suitable for oral administration (e.g., powders, pills, capsules and tablets) can be 
prepared according to techniques known in the art and can employ such solid excipients as starches, 

15 sugars, kaolin, lubricants, binders, disintegrating agents and the like. Parenteral compositions can be 
prepared according to techniques known in the art and typically employ sterile water as a carrier and 
optionally other ingredients, such as a solubility aid. Injectable solutions can be prepared according to 
methods known in the art wherein the carrier comprises a saline solution, a glucose solution or a solution 
containing a mixture of saline and glucose. Further description of methods suitable for use in preparing 

20 pharmaceutical compositions of the present invention and of ingredients suitable for use in said 

compositions is provided in Remington's Pharmaceutical Sciences^ 1 8*^ edition, edited by A, R. Gennaro, 
Mack Publishing Co., 1990 and in Remington - The Science and Practice of Pharmacy, 21^' edtion, 
Lippincott WilUams & Wilkins, 2005. 

The compounds of this invention can be administered orally in a dosage range of about 

25 0.001 to about 1000 mg/kg of mammal (e.g., human) body weight per day in a single dose or in divided 
doses. One preferred dosage range is about 0.01 to about 500 mg/kg body weight per day orally in a 
single do.se_ or in divided doses. Another preferred dosage range is about 0.1 to about 100 mg/kg body 
weight per day orally in single or divided doses. For oral administration, the compositions can be 
provided in the form of tablets or capsules containing about 1 .0 to about 500 milligrams of the active 

30 ingredient, particularly 1, 5, 10, 15, 20, 25, 50, 75, 100, 150, 200, 250, 300, 400, and 500 milligrams of 
the active ingredient for the symptomatic adjustment of tlie dosage to the patient to be treated. The 
specific dose level and frequency of dosage for any particular patient may be varied and will depend 
upon a variety of factors including the activity of tlie specific compound employed, the metabolic 
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stability and length of action of that compound, the age, body weight, general health, sex, diet, mode and 
time of administration, rate of excretion, drug combination, the severity of the particular condition, and 
the host undergoing therapy. 

As noted above, the present invention is also directed to use of the HIV integrase 
5 inhibitor compounds of the present invention with one or more anti-HIV agents useful in the treatment of 
HIV infection or AIDS. An "anti-HIV agent" is any agent which is directly or indirectly effective in the 
inhibition of HIV integrase or another enzyme required for HIV replication or infection, tlie treatment or 
prophylaxis of HIV infection, and/or the treatment, prophylaxis or delay in tlie onset of ADDS. It is 
understood that an anti-HIV agent is effective in treating, preventing, or delaying the onset of HTV 

10 infection or AIDS and/or diseases or conditions arising therefrom or associated therewith. For example, 
the compounds of this invention may be effectively administered, whether at periods of pre-exposure 
and/or post-exposure, in combination with effective amounts of one or more HIV antivirals, 
imunomodulators, antiinfectives, or vaccines useful for treating HIV infection or AIDS, such as those 
disclosed in Table 1 of WO 01/38332 or in the Table in WO 02/30930. Suitable HIV antivirals for use in 

1 5 combination with the compounds of the present invention include, for example, HIV protease inhibitors 
(e.g., indinavir, atazanavir, lopinavir optionally with ritonavir, saquinavir, or nelfinavir), nucleoside HIV 
reverse transcriptase inhibitors (e.g., abacavir, lamivudine (3TC), zidovudine (AZT), or tenofovir), and 
non-nucleoside HIV reverse transcriptase inhibitors (e.g., efavirenz or nevirapine). It will be understood 
that the scope of combinations of the compounds of this invention with HIV antivirals, 

20 immunomodulators, anti-infectives or vaccines is not limited to the foreogoing substances or to the list in 
the above-referenced Tables in WO 01/38332 and WO 02/30930, but includes in prmciple any 
combination with any pharmaceutical composition useful for the treatment of HIV infection or ADDS. 
The HIV antivirals and other agents will typically be employed in these combinations in their 
conventional dosage ranges and regimens as reported in the art, including, for example, the dosages 

25 described in the Physicians' Desk Reference. 58* edition, Thomson PDR, 2004, or the 59* edition 

thereof, 2005. The dosage ranges for a compound of the invention in these combinations are the same as 

those set forth above. It is understood that pharmaceutically acceptable salts of the compounds of the 

invention and/or the other agents (e.g., indinavir sulfate) can be used as well. 

Abbreviations employed herein include the following: AcOH = acetic acid; BOC or Boc 

30 = t-butyloxycarbonyl; BOP = benzotria2ol-l-yloxytris-(dimethylamino)phosphonium; Bu = butyl; DIPEA 
= diisopropyletliylamine (or Hunig's base); DMF = N,N-dimethylformamide; DMSO = 
dimethylsulfoxide; dppa = diphenylphosphoryl azide; EDC or ED AC == l-ethyl-3-(3- 
dimediylaminopropyl) carbodiimide; ES MS = electrospray mass spectroscopy; Et = ethyl; EtOAc = 
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ethyl acetate; HOAT = l-hydroxy-y-azabenzotriazole; HPLC = high performance liquid chromatography; 
LDA = lithium diisopropylamide; LHMDS = lithium hexamethyldisilazide; Me == methyl; MeOH = 
methanol; MTBE = methyl tert-butyl ether; NaHMDS = sodium hexamethyldisilazide; NMR = nuclear 
magnetic resonance; TEA = triethylamine; TFA = trifluoroacetic acid; THF = tetrahydrofuran. 
5 The compounds of the present invention can be readily prepared according to the 

following reaction schemes and examples, or modifications thereof, using readily available starting 
materials, reagents and conventional synthesis procedures. In these reactions, it is also possible to make 
use of variants which are themselves known to those of ordinary skill in this art, but are not mentioned in 
greater detail. Furthermore, other methods for preparing compounds of the invention will be readily 

10 apparent to the person of ordinary skill in the art in light of the following reaction schemes and examples. 
Unless otherwise indicated, all variables are as defined above. 

Scheme 1 depicts a method for preparing 5,6,7,8-tetrahydro-2,6-naphthyridine-l- 
carboxylate intermediates useful for making compounds of the present invention. In Part A of the 
scheme, lactam 1-1 can be alky^lated with an appropriate alk^l halide in the presence of a deprotonating 

15 agent (e.g., NaH, NaHMDS, or LHMDS) to give 1-2, using methods as described in Jerry March, 

Advanced Organic Chemistry, 3rd edition, John Wiley & Sons, 1985, pp. 377-379. Piperidin-2-one 1-2 

can be converted to the corresponding dihydropyridinone compound 1-5 following the two step 

procedure set forth in Meyers et al., TeL Lett 1995, 36^ 7051-7054, wherein the lactam can be treated 

with base (e.g., LHMDS, LDA or Na HIVIDS) and methyl benzene sulfinate to give intermediate 1-4, 

20 which can then be treated by heating in a high boiling solvent (e.g., toluene or xylenes) and optionally in 
the presence of base (e.g., Na2C03 or K2CO3) to ejffect the elimination to 1-5. Separately, as shown in 

Part B of Scheme 1, oxazoles of the type 1-9 can readily be prepared by acylating amino acid ester 1-6 

with an oxalate ester 1-7 in the presence of base (e.g., tertiary amines such as TEA, DIPEA, or pyridine) 

to afford acylated compound 1-8, which can then be cyclized and dehydrated (using a dehydrating agent 
25 such as P2O5) in the maimer described in Krapcho et al. J. Heterocyclic Chem, 1995, 32, 1693-1702 to 

afford oxazole 1-9. Diels-Alder reaction of 1-9 and 1-5, optionally in the presence of water or an acid 
(e.g., AcOH or TFA) (preferably in the presence of water as described in ^'Catalysis of Diels-Alder 
Reactions in Water and in Hydrogen-Bonding Environments", Wittkopp, A. & Sclireiner, P. R. in: 
Chemistrv of Dienes and Polyenes, 2000, Vol. 2, John Wiley & Sons, pp. 1029-1088), will then provide 
30 the desired napthyridine intermediate 1-10. 
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SCHEME 1 
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Scheme 2 depicts a method for preparing naphthyridine carboxylates aiid carboxamides 
embraced by tlie present invention from naphthyridine intermediate 1-10, wherein the intermediate 1-10 
can be treated with a suitable oxidizing agent (e.g., hydrogen peroxide or m-chloroperbenzoic acid) as 
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described in Sharpless et al., J. Org, Chem, 1998, 1740 and Caron at aL, Tet Letters 2000, 2299 and 
references cited therein to obtain N-oxide 2-1, which can then be treated as described in Suzuki et al., J. 
Med. Chem, 1992, 35, 4045-4053 with acetic anhydride to effect the rearrangement to the O-acylated 
intermediate, and then treated with a nucleophile (e.g., an alkoxide such as NaOMe) to afford the desired 
5 dioxohexahydro-2,6-naphthyridine-l-carboxylate 2-2. In tlie preparation of compounds of the present 
invention that require the protection of phenolic hydroxyl group on 2-2, the intermediate 1-10 can be 
treated with trimethylsilyldiazomethane to provide the O-methyl ether selectively. Chemical 
transformations similar to those described in the conversion of 1-10 to 2-2 provided 2-5, which can be 
deprotected to give the desired phenol. 

10 

SCHEME 2 




2-3 2-4 2-5 



Scheme 3 depicts a method for preparing diazocino[2,l-a]-2,6-naphthyridines 3-3 and 3- 
15 4 (n = 4) and diazepino[2, l-a]-2,6-naphthyridines 3-3 and 3-4 (n = 3) embraced by the present invention 
from naphthyridine intermediate 2-2, wherein the intermediate 2-2 is treated with a suitable base (e.g., 
magnesium alkoxide) and a suitable dihaloalkane (e.g., l-bromo-4-chlorobutane or l-bromo-3- 
chloropropane) to provide the alkylated intermediate 3-1. Treatment of halide 3-1 with a primary amine 
in the presence or absence of an iodide catalyst such as potassium iodide or tetra-n-bulylammonium 
20 iodide provided the aminoester intermediate 3-2. Base catalyzed hydrolysis of the amino-ester 3-2 

provided tlie corresponding aniinoacid which was treated with an amide coupling reagent such as EDC or 
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BOP to provide llie tricyclic napthyridine products 3-3. The RY substituent on 3-3 can be removed under 
appropriate conditions to provide products 3-4. 

SCHEMES 




Scheme 4 depicts a method for preparing pyrazino[2,l-a]-2,6-naphthyridines 4-1 and 4-2 
embraced by the present invention from naphthyridine intermediate 2-2, wherein the intermediate 2-2 is 
treated with a suitable base (e.g., magnesium alkoxide, cesium carbonate, or potassium carbonate) and an 
appropriately protected a-amino-p-haloalkane (e.g., a protected l-amino-2-haloethane such as tert-butyl 
(2-bromoethyl)carbamate) to provide the tricyclic napthyridine products 4-1. Treatment of 4-1 with a 
suitable base and alkylating reagent (e.g., an alkyl halide) affords 4-2. 

SCHEME 4 
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Scheme 5 depicts a method for preparing oxazino[25l-a]-2,6-naphthyridines 5-1 

embraced by the present invention from naphthyridine intermediate 2-2, wherein the intermediate 2-2 is 

treated with a suitable base (e.g., magnesium alkoxide, cesium carbonate, or potassiiutn carbonate) and a 

suitable a,P-dihaloalkane (e.g., a dihaloethane such as l-bromo-2-chloroethane) to provide the tricyclic 

5 napthyridine products 5-1. Oxazepino and oxazocino analogs can be similarly prepared using a suitable 
dihaloalkane such as Br-CH2CH2CH2-Cl or Br-CH2CH2CH2CH2-CL 

SCHEMES 




10 Scheme 6 depicts a method for preparing imidazo[2,l-a]-2,6-naphthyridines 6-4 and 6-5 

embraced by the present invention from naphthyridine intermediate 2-2, wherein the intermediate 2-2 is 
treated with a suitable base (e.g., magnesium alkoxide, cesium carbonate, or potassium carbonate) and a 
suitable substituted alkyl haloacetate (e.g., tert-butyl bromoacetate) to provide the alkylation product 6- 
1. Selective hydrolysis provides the naphthyridine carboxylic acid 6-2, which can be converted to the 

15 corresponding tert-butyl carbamate 6-3 via a Curtius rearrangement in the manner described in J. March, 
Advanced Organic Chemistry . 3rd edition, John Wiley& Sons, 1992, p. 1091 (e.g., acid 6-2 can be treated 
with diphenylphosphoryl azide in tlie presence of anhydrous tert-butanol to afford carbamate 6-3). 
Carbamate 6-3 can then be treated with acid (e.g., HCl or TFA) in a manner similar to the conditions 
described in T. W. Greene & P. G. M. Wuts, Protective Groups in Organic Svnthesis. 3rd edition, John 

20 Wiley& Sons, 1999, to provide the tricyclic naphthyridine derivative 6-4. Treatment of 6-4 with a 

suitable alkylating agent (e.g., an alkyl halide, an alkyl bromoacetate, jDr a benzyloxyalkyl halide) in the _ 
presence of base (e.g., NaH, NaHMDS, LHMDS, or LDA) affords product 6-5. Further conventional 
functional group intercon version on the R" side chain can provide additional compounds of the present 
invention. 

25 
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SCHEME 6 




5 Scheme 7 depicts a method for preparing 3,4,5565l25l3-hexahydro-2H[l,4]diazocino[2,l- 

a]-256-naphthyridine-l3 840(llH)-trione 7-3 from naphthyridine intermediate 2-5, wherein the 
intermediate 2-5 is treated with a suitable substituted aminoalcohol and an amide coupling reagent (e.g., 
EDC or BOP) to provide the amide product 7-1, Sequential treatment of 7-1 with alkyl or aryl sulfonic 
anhydride (e.g., methanesulfonic anhydride) followed by a suitable base (e.g., cesium carbonate) 
10 provides tlie tricyclic naphthyridine derivative 7-2. Further standard functional group interconversion on 
the side chains to and removal of the methyl ether protecting group provided the targeted inliibitors 
7-3. 
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SCHEME? 




Scheme 8 depicts a method for preparing oxazino[2,l-a]~2,6-naphthyridines from 
naphthyridine intermediate 2-2, wherein the intermediate 2-2 is treated with a suitable base (e.g., 
magnesium alkoxide, cesium carbonate, or potassium carbonate) and a suitable allyl halide (e.g., allyl 
bromide) to provide the allylated napthyridine product 8-1. Osmium tetroxide-catalyzed dihydroxylation 
of the terminal olefin (VanRheenen et. al. Tet. Lett, 1973, 1976) followed by intramolecular cyclization 
provides the intermediate oxazinonaphthyridine 8-2. Deprotection of the methyl ether protecting group 
on 8-2 provides the target compound 8-3. 

SCHEMES 
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8-2 ^ ^^^^ 8-3 O OH 

R' = OAc, H 

la the methods for preparmg compounds of the present invention set forth in the 
foregoing schemes, functional groups in various moieties and substituents (in addition to those akeady 
explicitly noted in the foregoing schemes) may be sensitive or reactive under the reaction conditions 
employed and/or in the presence of the reagents employed. Such sensitivity/reactivity can interfere with 
the progress of the desired reaction to reduce the yield of the desired product, or possibly even preclude 
its formation. Accordingly, it may be necessary or desirable to protect sensitive or reactive groups on 
any of the molecules concerned. Protection can be achieved by means of conventional protecting groups, 
such as those described in Protective Groups in Organic Chemistry, ed, J.F.W. McOmie, Plenum Press, 
1973 and in T.W. Greene & P.G.M. Wuts, Protective Groups in Organic Synthesis, John Wiley & Sons, 
3"* edition, 1999, and 2°^ edition, 1991. The protecting groups may be removed at a convenient 
subsequent stage using methods known in the art. Alternatively the interfering group can be introduced 
into the molecule subsequent to the reaction step of concern. 

The following examples serve only to illustrate the invention and its practice. The 
examples are not to be construed as limitations on the scope or spirit of the invention. 

EXAMPLE! 

1 1 <3-Chloro-4-fluorobenzyl)-9-hydroxy-2-methyl-3 ,4,5,6, 12, 1 3-hexahydro-^^ 
naphthyridine- 1,8, 10(1 lH)-trione 




Step 1: 1 -(3 -Chloro-4-fluoroben2y l)piperidin-2-one 
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To a cold (0 ""C) solution of valerolactatn (153.30 g, 1.54 mol) in anhydrous l-methyl-2- 

pyrrolidinone (3.5 L), sodium hydride (67.7 g, 1.69 mol, 60% dispersion in oil) was added over a period 

of 5 minutes. The reaction mixture was stirred for 30 minutes, and a solution of 3-chloro-4- 

fluorobenzylbromide (345.5 g, 1.54 mol) in l-methyl-2-pyrrolidinone (200 mL) was added over 30 

5 ndnutes at 0 °C. The reaction mixture was stirred at 0 °C for 1 hour, and was allowed to warm up and 

stirred at room temperature overnight. The reaction mixture was quenched with distilled water (5 L), and 

extracted with dichloromethane (three times; 2 L, 1 L, 1 L). The organic extracts were combined, 

washed with water (3X; 4 L each time). The residual oil was dissolved in ethyl acetate (4 L), and 

extracted with water (3X; 2 L each time). The organic layer was separated, concentrated under vacuum 

10 to give the title product that solidified upon standing. 

IHNMR (400 MHz, CDCI3) 5 7.24 (m, 2H), 7.0 (m, 2H), 7.1 (m, IH), 4.56 (s, 2H), 3.19 (t, J= 4.9 Hz, 

2H), 2.46 (t, J= 6.4 Hz, 2H), 1 .8-1 .75 (m, 4H). 

Step 2: 1 -(3 -Chloro-4-fluoroben2yl)-5 ,6-dihydropyridin-2( 1 H)-one 

15 To a cold (-20 °C) solution of l-(3-chloro-4-fluoroben2yl)piperidin-2-one (340 g, 1.41 

mol) in anhydrous tetrahydrofuran (5 L) under an atmosphere of nitrogen, a solution of lithium 

bis(trimethylsilyl)amide (3.09 L, 3.09 mol; IM in THF) was added over a period of 40 minutes with the 

temperature of the reaction maintained at -20 *^C. After the addition was complete, the reaction mixture 

was stirred at -20 ""C for one hour. Methyl benzene sulfonate (231 mL, 1.69 mol) was added to the 

20 reaction mixture over a period of 30 minutes. The reaction mixture was stirred at -20 for 30 minutes. 

The product mixture was diluted with ethyl acetate (4 L) and washed with water (four times; 2 L each 

time). The organic extract was concentrated under vacuum. The residue was dissolved in toluene (4 L), 

treated with solid sodium carbonate (500 g), and heated at 100 °C for one hour. The product mixture was 

diluted with ethyl acetate (4 L) and washed with water (4 times; 2 L each). The organic extract was 

25 concentrated under vacuum. The residue was subjected to column chromatography on silica gel eluting 

with a gradient of 0-60% EtOAc in heptane. Collection and concentration of appropriate fractions 

provide the title compound as oil. ~ 

iHNMR (400 MHz, CDCI3) 5 7.3 (m, IH), 7.15 (m, IH), 7.1 (t, IH), 6.6 (m, IH), 6.0 (m, IH), 4.55 (s, 

2H), 3.33 (t, 2H), 1.38 (m, 2H). ES MS M+1 = 240.13 

30 

Step 3 : 2-Butoxy-2-oxoetlianaminium chloride 

To a suspension of glycine hydrochloride (400 g, 3.58 mol) in n-butanol (8 L), thionyl 
chloride (1.37 L, 18.84 mol) was added slowly dropwise. After addition was complete, the reaction was 
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heated at 70 overnight. The product mixture was concentrated under vacuum and the residue was 
triturated with a mixture of heptane/ethyl acetate. The white solid precipitated was filtered and dried 
under a stream of dry nitrogen to provide tlie title compound. 

IHNMR (400 MHz, CDCI3) 5 8.5 (br s, 3H), 4.18 (t, J= 6.7 Hz, 2H), 4.0 (br s, 2H), 1.62 (m, 2H), 1.38 
5 (m, 2H), 0.92 (t, J= 7 A Hz, 3H). ES MS M+1 = 132. 

Step 4: Butyl N-[ethoxy(oxo)acetyl]glycinate 

A mixture of 2-butoxy-2-oxoethanaminium chloride (573.5 g, 3.42 mol), triethylamme 
(415 g, 4.1 mol), and diethyl oxalate (1.0 kg, 6.8 mol) in ethanol (7 L) was heated at 50 °C for 3 hours. 

10 The product mixture was cooled and concentrated under vacuum. The residue was dissolved in 

methylene chloride and washed with two 4 L portions of water. The organic fraction was dried over 
anhydrous magnesium sulfate, filtered, and concentrated under vacuum. The residual oil was subjected 
to column chromatography on silica gel eluting with heptane/ethyl acetate gradient. Collection and 
concentration of appropriate fractions provided the title material. 

15 IHNMR (400 MHz, CDCI3) 5 7.56 (br s, IH), 4.37 (q, J= 7.2 Hz, 2H), 4.2 (t, J= 6.6 Hz, 2H), 4.12 (d, J 

- 5.5 Hz, 2H), 1.64 (p, J= 6.8 Hz, 2H), 1.39 (t, J= 7.15 Hz, 3H), 1.37 (m, 2H), 0.94 (t, J= 7.4 Hz, 3H). 
ES MS M+1 = 232. 

Step 5: Ethyl 5 -butoxy- 1 ,3 -oxazole-2-carboxylate 

20 To a solution of butyl N-[ethoxy(oxo)acetyl]glycinate (783 g, 3.38 mol) in acetonitrile (8 

L) in a 50 L glass reactor with overhead stirrer, phosphorus pentoxide (415 g, 2.92 mol) was added in 
portions. The reaction was heated at 60 °C for 1 hour. The product mixture was cooled, and water (8 L) 
was added with the mixture maintained at 20 °C. The resultant mixture was extracted with 
dichloromethane (8 L, and 3 times 2 L). The organic extracts were combined, washed twice with 

25 saturated aqueous sodium bicarbonate (8 L total), dried over anhydrous magnesium sulfate, filtered and 
concentrated under vacuum. The residual oil was subjected to column chromatography on silica gel 
eluting with 0-30% heptane/ethyl acetate gradient. CoUectioaand concentration of appropriate fractions 
provided the title material. 

IH NMR (400 MHz, CDCI3) 5 6.33 (s, IH), 4.42 (q, J- 7.2 Hz, 2H), 4.18 (t, J= 6.4 Hz, 2H), 1.8 (p, J= 

30 6.4 Hz, 2H), 1.47 (p, J= 7.4 Hz, 2H), 1.41 (t, J= 7.15 Hz, 3H), 0.97 (t, J- 7.4 Hz, 3H). ES MS M+1 = 
214. 
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Step 6: Ethyl 6-(3-chloro-4-fluoroben2yl)-4-hydroxy-5-oxo-5,6J,8-tetrahydro-2,6- 

naphthyridine- 1 -carboxylate 

A mixture of ethyl 5-butoxy-l,3-oxazole-2-carboxylate (44.5 g, 208.6 imnol), l-(3- 
chloro-4-fluorobenzyl)-5,6-dihydropyridm-2(lH)-one (25 & 104.3 mmol), and water (2.82 mL, 156.7 
mmol) was heated in a sealed heavy walled vessel at 130 °C with stirrmg for 72 hours. Upon cooling, the 
product mixture solidified. The solid was triturated with diethyl ether and collected by filtration. The 
product was further purified by crystallization from boiling ethyl acetate. 

IH NMR (400 MHz, CDCI3) 5 12.79 (s, IH), 8.42 (s, IH), 7.4 (dd, J= 2, 7 Hz, IH), 7.2 (m, IH), 7. 15 (t, 

J= 8.6 Hz, IH), 4.7 (s, 2H), 4.4 (q, 1 Hz, 2H), 3.5 (m, 4H), 1.4 (t, J= 7 Hz, 3H). ES MS M+1 = 
379.0 

Step 7: Ethyl 6-(3-chloro-4-fluoroben2yl)-4-hydroxy-5-oxo-5,6,7,8-tetrahydro-2,6- 

naphthyridine-1 -carboxylate 2-oxide 

A mixture of ethyl 6-.(3-chloro-4-fluorobenzyl)-4-hydroxy-.5-oxo-5,6,7,8-tetrahydro-2,6- 
naphthyridine-l-carboxylate (22g, 58 mmol), glacial acetic acid (500 mL), and hydrogen peroxide (65.8 
mL, 30% by weight in water) was heated at 100 °C for four hours. The resultant solution was cooled in 
an ice bath to 25 and treated with saturated aqueous sodium sulfite solution while keeping the reaction 
mixture below 40 °C. When starch paper test showed complete consumption of residual perioxide, the 
solution was concentrated to two third of its volume, pH was adjusted to ~3 with aqueous HCl and the 
solution was extracted with dichloromethane (3 tunes). The organic extracts were combined, dried over 
anhydrous sodium sulfate, filtered and concentrated under vacuum to afford the title product as oil. 
IH NMR (400 MHz, CDCI3) 5 12.65 (s, IH), 7.9 (s, IH), 7.38 (dd, J= 2, 7Hz, IH), 7.27-7.1 (m, 2H), 

4.66 (s, 2H), 4.44 (q, J= 7 Hz, 2H), 3.52 (t, J= 7Hz, 2H), 2.90 (t, J- 7Hz, 2H), 1.38 (t, J= 7 Hz, 3H). 
ES MS M+1 = 395.0 

Step 8: Ethyl 3,4-bis(acetyloxy)-6-(3-chloro-4-fluorobenzyl)-5-oxo-5,6,7,8-tetrahydro-2,6- 

naphthyridine-1 -carboxylate - . _ - _ 

A solution of ethyl 6-(3-chloro-"4-fluoroben2yl)-4~hydroxy-5-oxo-5,6,7,8-tetrahydro-2,6- 
naphthyridine-1 -carboxylate 2-oxide (23g, 58 mmol) in acetic anhydride (400 mL) was heated under 
nitrogen at 100 °C for one hour. The product mixture was concentrated under vacuum to the title 
bisacetate and was used in the following step without further purification. 
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iHNMR (400 MHz, CDCI3) S 7.36 (m, IH), 7.2-7.1 (m, IH), 7.12 (t, J= 8Hz, IH), 4.68 (br s, 2H), 4.4 

(q, J= 7 Hz, 2H), 3.48 (m, 2H), 3.35 (iti, 2H), 2.38 (br 6H), 1.4 (t, J= 7 Hz, 3H). ES MS M+1 = 
394.9 

5 Step 9: Methyl 6-(3~chloro-4-fluorobenzyl)-3,4-dihydroxy-5-oxo-5,6,7,8-tetrahydro-2,6- 

naphthyridine- 1 -carboxylate 

A solution of ethyl 3,4-bis(acetyloxy)-6-(3~chloro-4-fluoroben23d)-5-oxo-5,6,7,8- 
tetrahydro-2,6-naphthyridine-l -carboxylate ( 27.8g, 58 mmol) and sodium methoxide (41.8 mL, 232 
namol; 30% by weight solution of NaOMe in MeOH) in anhydrous methanol (300 mL) was heated at 40 

10 for 5 hours. The volume of the reaction mixture was reduced by a half under vacuum, diluted with 

anhydrous tetrahydrofuran (400 mL), and treated with an additional solution of sodium methoxide in 
methanol (33 mL). The reaction mixture was stirred at room temperature overnight and then warmed to 
50°C for four hours. The product mixture was acidified with dilute hydrochloric acid to pH 3 and 
extracted with chloroform several times. The organic extracts were combined, dried over anhydrous 

15 sodium sulfate, filtered, and concentrated under vacuum to provide the title compound as oil. 

iH NMR (400 MHz, CDCI3) 5 10.0-8.2 (br s, IH), 7.38 (dd, J= 6.8. 2Hz, IH), 7.2 (m, IH), 7.13 (t, J= 

8.4 Hz, IH), 4.68 (s, 2H), 3.92 (s, 3H), 3.46 (t, J= 6.4 Hz, 2H), 3.34 (t, •/= 6.4 Hz, 2H). ES MS M+1 = 
380.9 

20 Step 10: Methyl 2-(4-chlorobutyl)-6-(3-chloro-4-fluorobenzyl)-4-hydroxy-3,5-dioxo-2,3,5,6,7,8- 

hexahydro-2,6-naphthyridine- 1 -carboxylate 

A mixture of 6-(3-chloro-4-fluorobenzyl)-3,4-dihydroxy-N,N-dimethyl-5-oxo-5,6,7,8- 
tetrahydro-2,6-naphthyridine-l-carboxamide (0.80 g, 2.19 mmol) and magnesium methoxide in methanol 
(10.6 mL, 6-10% methanol solution available from Aldrich) in DMSO (22 mL) was heated at 60 °C for . 

25 one hour. Methanol was exhaustively removed under vacuum over 45 minutes. The resulting DMSO 
solution was treated with l-bromO'-4-chlorobutane (1.80 g, 10.50 mmol) and stirred at 60 °C under an 
atmosphere of nitrogen for one hour. The reaction mixture was diluted with ethyl acetate and washed 
with dilute hydrochloric acid. The organic extract was washed with 10% aqueous potassium carbonate, 
dried over anhydrous sodium sulfate, filtered, and concentrated under vacuum. The residue was 

30 triturated with diethyl ether. The solid precipitated was collected by filtration to provide the title 
compound. ES MS M+1 = 471 
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Step 11: Methyl 6-(3-chioro-4-fluoroben2yl)-4-hydroxy-2-[4Kmethylammo)butyl]-'3 ,5-dioxo- 

2,3,5,6,7,8-hexahydro-2,6-naphthyridine-l-carboxylate 

A mixture of methyl 2-(4-chlorobutyl)-6-(3-chloro-4-fluorobenzyl)-4-hydroxy-3,5-dioxo-. 
2,3,5,6,7,8-hexaliydro-2,6-naphthyridine-l-carboxylate (0.10 g, 0.21 mmol), methylamine in 
5 tetrahydrofiiran (1 mL, 2M), and tetra-n-butylammonium iodide in tetrahydrofuran (5 mL) was heated at 
60 for 3 days. The reaction mixture was concentrated under vacuum. The residue was partitioned 
between dichloromethane and saturated aqueous sodium bicarbonate. The organic extract was washed 
with brine, dried over anhydrous sodium sulfate, filtered, and concentrated under vacuum to provide the 
title compound. This was used in the following step without further purification. 
10 ES MS M+1 = 466 

Step 12: 6-(3-Chloro-4-fluorobenzyl)-4-hydroxy-2-[4<methylaniino)butyl]-3,5-dioxo-23 

hexahydro-2,6-naphthyridine-l-carboxylic acid 

Methyl 6-(3-chloro-4-fluorobenzyl)-4-hydroxy-2-[4-(methylamino)butyl]-3 ,5-dioxo- 
15 2,3,5,6,7,8-hexahydro-2,6-naphthyridine-l-carboxylate (0.18 g, 0.38 mmol) and potassium hydroxide 

(0.17 g, 2.3 mmol) in a mixture of 1:1:1 v/v/v tetrahydrofuran-methanol-water (4.5 mL) was heated at 50 
°C overnight. The reaction mixture was concentrated under vacuum. The residue was partitioned 
between dichloromethane and dilute hydrochloric acid. The aqueous extract was concentrated under 
vacuum to provide the title compound as hydrochloride salt. This was used in the following step without 
20 further purification. ES MS M+1 = 452 

Step 13: 1 1 -(3-Chloro-4-fluorobenzyl)-9-hydroxy-2-me11iyl-3 ,4,5,6, 12, 1 3-hexahydro- 

2H[l,4]diazocino[2, l-a]-2,6-naphthyridine-l ,8, 1 0( 1 lH)-.trione 
A solution of 6-(3-chloro-4-fluoroben2yl)-4-hydroxy-2-[4-(methylamino)butyl]-3,5- 
25 dioxo-2,3,5,6,7,8-hexahydro-2,6-naphthyridine-l-carboxylic acid (0.18 g, 0.40 mmol), l-(3- 

dimethylaminopropyl)-3-ethylcarbodiimide hydrocloride (0.08 g, 0.41 mmol), and l-hydroxy-7- 
azabenzotriazole (0.07 g, 0.51 mmol), and N-methylmorpholine (0.35 mL, 3.16 mmol) in anhydrous 
DMF (3 mL) was stirred at room temperature overnight. The reaction mixture was concentrated under 
vacuum. The residue was purified by reverse phase high pressure liquid chromatography. Collection 
30 and concentration of appropriate fractions provided the title compound. 

iH NMR (400 MHz, CDCI3) 5 7.35 (br s, IH), 7.18 (br s, IH), 7.13 (m, IH), 4.80-4.66 (m), 4.55 (d, J= 

14.7 Hz, IH), 3.97-2.98 (m), 3.12 (s, 3H), 2.08-1.77 (m, 4H). ES MS exact mass M+1 - 434.1282 
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EXAMPLE 2 

ll^(4-Fluoroben2yl)-9-hydroxy-2-methyl-3,4,5,6,12,13-hexah^ 
naphtliyridme-l,8,10(l lH)-trione 




O OH 



5 Step 1: Methyl 6<3-chloro-4-fluoroben2yl)-4-methoxy-2-[4-(methy^ 

2,3,5,6,7,8-hexahydro-2,6-'naplithyridine-l-carboxylate 

A mixture of methyl 6<3-chloro-4-fluorobenzyl)-4-hydroxy-2-[4-(methylammo)butyl]- 
3,5-dioxo-2,3,5,6,7,8-hexahydro-2,6-naphthyridme-l-carboxylate (0.68 g, 1,45 mmol; Example 1, Step 
1 1) and a solution of trimethylsilyldiazomethane in hexane (2.2 mL, 4.35 mmol; 2M) in 
10 dichloromethane-methanol (1 .5 & 4.5 mL) was stirred at room temperature for one hour. The reaction 
mixture was concentrated under vacuum to provide the title compound. This was used in the following 
step without further purification. ES MS M+1 = 480 

Step 2: ' 1 l-.(3-Chloro-4-fluorobenzyl)-9-methoxy-2-methyl-'3,4,5,6 ,12, 1 3-hexahydro- 

15 2H[l,4]diazocino[2,l-a]-2,6-naphthyridine-l,8,10(llH>trione 

The titled compound was prepared in a manner similar to that described in Example 1, 
steps 12 and 13, substituting methyl 6-(3-.chloro~4-fluoroben2yl)-4-hydroxy-2-[4-(methylamino)butyl]- 
3,5-dioxo-2,3,5,6,7,8-hexahydro-2,6-naphthyridine-l-carboxylate witli methyl 6-(3-chloro-4- 
fluoroben2yl)-4-methoxy-2-[4-(methylamino)butyl]-3,5-dioxo-2,3,5,6,7,8-hexahydro-2,6-naph&^^ 

20 1-carboxylate. 

Step 3: 1 l-(4-Fluorobenzyl)-9-methoxy-2-methyl-3,4,5,6, 12, 13-hexalaydro- 

2H[l,4]diazocino[2,l-a]-2,6-naphthyridine-l,8,10(llH)-trione 
A mixture of ll-(3-chloro-4-fluoroben^yl)-9-methoxy-2-methyl-3 ,4,5,6,12, 13- 
25 hexahydro-2H[l,4]diazocino[2,l-a]-2,6-naphthyridine-l,8,10(l lH>trione (52 mg, 0.12 mmol) and 10% 

palladium on charcoal (70 mg) in ethanol (6 mL) was stirred at room temperature under a balloon of 

hydrogen overnight. The reaction mixture was filtered and concentrated under vacuum. ES MS M+1 = 

480 
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Step 4: llK4-Fluoroben2yl)-9-hydroxy-2-methyl-3,4,5,64243-hexahy(ko-2H[l,4]diazocmo[24- 

a]-2,6-naphthyridine- 1 ,8, 1 0( 1 lH)-trione 

A solution of 1 l-(4-fluoroben2yl)-9-methoxy-2-methyl-3,4,5,6,12,13-hexahydro- 

5 2H[l,4]diazocino[2,l-a]-2,6-naphthyridine-l,8,10(l lH)-trione (27 mg, 0.07 mmol) in 30% hydrobromide 

in acetic acid was stirred at room temperature for 30 minutes. The reaction mixture was concentrated 

imder vacuum. The residue was concentrated from a solution in toluene twice. The resultant solid was 

triturated with a mixture of diethyl ether and dichloromethane to provide the title compound. 

iH NMR (400 MHz, CDCy 6 7.40 (dd, J= 8.4, 5.5 Hz, 2H), 7.22 (t, J= 8.6 Hz, 2H), 4.77 (d, J = 14.7 

10 Hz, IH), 4.71 (d, J= 14.7 Hz, IH), 3.54-3.27 (m), 3.12 (s, 3H), 2.89 (m, IH), 2.61 (m, IH), 2.06 (M, 
IH), 1.84 (M, 2H), 1.71 (M, IH). ES MS exact mass M+1 == 400.1652 



EXAMPLE 3 

10-(3-Chloro-4-fluoroben2yl)-8-hydroxy-2-methyl-2,3,4,5,ll,12-hexahydro[l,4]diazepino[2,l-a]-2,6- 
1 5 naphthyridine- 1 ,7,9( 1 OH)-trione 




20 



The title compoxmd was prepared in a manner similar to that described in Example 1, 
substituting l-bromo-4-chlorobutane with l-bromo-3-chloropropane in Step 10. 

IH NMR (400 MHz, CDCI3) 5 13.40 (br s, IH), 7.36 (dd, J= 6.8, 2.0 Hz, IH), 7.20 (m, IH), 7.13 (t, J 

8.6, Hz, IH), 5.28 (m, IH), 4.73 (d, J= 14.5 Hz, IH), 4.60 (d, J= 14.5 Hz, IH), 3.49-3.14 (m), 3.14 (s, 
3H), 2.74 (m, IH), 2.10 (m, 2H). ES MS exact mass M+1 = 420.1 122 



EXAMPLE 4 

10-(3-Chloro-4-fluorobenzyl)-8-hydroxy-2,3,4,5,ll,12-hexahydro[l,4]diazepino[2,l-a]-2,6- 
25 naphthyridine- l,7,9(10H)-trione 
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H 




Step 1 : 1 0-(3-Chloro-4-fluorobenzyl)-8-hydro>Q^-2-(4-methoxyben2yl)^^ 11,12- 

hexahydro[ 1 ,4]diazepino[2, 1 -a]-2,6-naphthyridme- 1 ,7,9( 1 OH)-trione 
The titled compound was prepared in a manner similar to that described in Example 1, 

substituting l-bromo-4-chlorobutane with l-bromo-3-chloropropane in Step 10, and replacing 

methylamine with 4-methoxybenzylamine in Step 1 1. ES MS M+1 = 526 

Step 2: 1 0-(3-Chloro-4-fluoroben2yl)-8-hydroxy-2,3,4,5, 1 1 , 12-hexahydro[ 1 ,4]diazepino[2, 1-a]- 

2,6-naphthyridine-l ,7,9(1 OH)-trione 

A mixture of 10-(3-chloro-4-fluorobenzyl)-8-hydroxy-2-(4-methoxyben2yl)- 
2,3,4,5,ll,12-hexahydro[l,4]diazepino[2,l-a]-2,6-naphthyridine-l,7,9(10H)-M^ (18 mg, 30 |Ltmol) and 
p-toluenesulfonic acid (26 mg, 0. 14 mmol) in toluene (0.5 mL) was heated at 1 10 °C for 8 hours. The 
reaction mixture was concentrated under vacuimi. The residue was purified by reverse phase high 
pressure liquid chromatography. Collection and lyophilization of appropriate fractions provided the title 
compound. 

IHNMR (400 MHz, CD3OD) 5 7.50 (dd, J= 7.0, 2.2 Hz, IH), 7.34 (m, IH), 7.23 (t, 8.8, Hz, IH), 
5.13 (br s, IH), 4,85 (br s, 2H), 3.13-2.78 (m), 3.29 (s, 3H), 2.03 (br s, 3H). ES MS exact mass M+1 = 
406.0980 

EXAMPLES 

9-(3-Chloro-4-fluorobenzyl)-7-hydroxy-3,4, 1 0, 1 1 -tetrahydro-2-H-pyrazino[2, 1 -a]-2,6-naphthyridine- 
l,6,8(9H)-trione 

H 




O OH 
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A mixture of 6-(3-chloro-4-fluoroben2yl)-3,4-dihydroxy-N5N-dimethyl-5-oxo-5,6,7,8- 

tetrahydro-256-naphth)Tidme-l'-carboxamide (1.00 g, 2,63 mmol; Example 1, Step 9) and magnesium 

methoxide in methanol (13.1 mL, 6-10% methanol solution available from Aldrich) in DMSO (26 mL) 

was heated at 60 °C for one hour. Methanol was exhaustively removed under vacuum over 45 minutes. 

5 The resulting DMSO solution was treated witli tert-butyl (2-bromoethyl)carbamate (2.94 g, 13,13 mmol) 

and stirred at 60 under an atmosphere of nitrogen for one hour. The reaction mixture was diluted with 

ethyl acetate and washed successively with 10% sodium thiosulfate and brine. The organic extract was 

dried over anhydrous sodium sulfate, filtered, and concentrated under vacuum. The residue was purified 

by reverse phase high pressure liquid chromatography. Collection and lyophilization of appropriate 

1 0 fractions provided the title compound. 

iHNMR (400 MHz, CDCI3) 5 14.00 (s, IH), 7.36 (dd, 7= 7.0, 2.2 Hz, IH), 7.21 (m, IH), 7.14 (t, J= 

8.8, Hz, IH), 6.07 (br s, IH), 4.68 (s, 2H), 4.35 (t, 2H), 3.25 (t, 2H), 3.43 (t, 2H), 3.46 (t, 2H). ES MS 
exact mass M+1 = 392.0789 

15 EXAMPLE 6 

9-(3-Chloro-4-fluorobenzyl)-7-hydroxy-2-methyl-3,4,10,ll-tetrahydro-2-H-pyra^ 
naphthyridine- 1,6, 8(9H)-trione 




A mixture of 9-(3-chloro-4-fluoroben2yl)-7-hydroxy-3,4,10,l l-tetrahydro-2-H- 

20 pyrazino[2,l-a]-2,6-naphthyridine-l,6,8(9H)-trione (53 mg, 0.14 mmol; Example 5), and sodium hydride 

(12.3 mg; 60% dispersion in oil) in DMF (2 mL) was stirred at 0 for 20 jninutes. To the resultant 

solution, methyl iodide (96 mg, 0.68 mmol) was added and the reaction mixture was heated at 40 °C for 

four hours. The reaction mixture was quenched with methanol and concentrated under vacuum. The 

residue was purified by reverse phase high pressure liquid chromatography. Collection and 

25 lyophilization of appropriate fractions provided the title compound. 

IH NMR (400 MHz, CDCI3) 5 7.37 (dd, 7= 6.8, 2.0 Hz, IH), 7.20 (m, IH), 7.14 (t, 7= 8.6, Hz, IH), 

4.68 (s, 2H), 4.35 (t, 5.3 Hz, 2H), 3.61 (t, •/= 5.3 Hz, 2H), 3.43 (m, 4H), 3.14 (s, 3H). ES MS exact 
mass MH-1 = 406.0963 
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EXAMPLE? 

9-(3-Chloro-4-fluoroben2yl)-7-hydroxy-3 ,4, 1 0,1 l-tetrahydro[l ,4]oxazino[3,4-a]-2,6-naphthyridine- 
l,6,8(9H)-trione 




O OH 

A mixture of 6-(3-chloro-4-fluoroben2yl)-3,4-dihyckoxy-N,N-dimethyl-5-oxo-5^ 
tetrahydro-2,6-naphthyridine-l-carboxamide (0.15 g, 0.39 mmol; Example 1, Step 9) and magnesium 
methoxide in methanol (2 mL, 6-10% methanol solution available from Aldrich) in DMSO (4 mL) was 
heated at 60 °C for 30 minutes. Methanol was exhaustively removed under vacuum over 45 minutes. 
The resultant DMSO solution was treated with l-bromo-2-chloroethane (0.28 g, 1.97 mmol) and stirred 
at 60 °C under an atmosphere of nitrogen overnight. The reaction mixture was diluted with etliyl acetate 
and dilute hydrochloric acid. The organic extract was washed with aqueous sodium sulfite, brine, dried 
over anhydrous sodium sulfate, filtered, and concentrated under vacuum. The residue was purified by 
reverse phase high pressure liquid chromatography. Collection and lyophilization of appropriate 
fractions provided the title compound, which was recrystallized from a mixture of ethyl acetate and 
hexane 

iHNMR (400 MHz, CDCI3) 5 7.38 (dd, J= 6.5, 2.5 Hz, IH), 7.21 (m, IH), 7.15 (t, J= 8.8, Hz, IH), 
4.69 (s, 2H), 4.55 (br s), 4.36 (br s), 3.96 (br s), 3.52 (t, 2H), 3.48 (t, 2H). ES MS exact mass M+1 = 
393.0652 

EXAMPLES 

8-(3 -CMoro-4-fluproben2yl)-6-hydroxy- 1,3 -dimethyl- 1 , 8,9, 1 0-tetrahyd^^^ 
naphthyridine-2,5,7(3H)-trione 




O OH 
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Step 1 : Methyl 2-(2-tert-butoxy-2-oxoethyl)-6-(3 -chloro-4-fluorobenzyl)-4-'hydroxy-3 ,5-dioxo- 

2,3,5,6,7,8-hexahydro-2,6-naphthyridine-l-carboxylate 

A mixture of 6-(3-chloro~4-fluorobeii2yl)-354-dihydroxy-N,N-dime1iyl-5-oxo-5 
tetrahydro-256-naphthyridine-l-carboxamide (0.50 g, 1.31 mmol; Example 1, Step 9) and magnesium 
5 methoxide in methanol (6.6 mL, 6-10% methanol solution available from Aldrich) in DMSO (13 mL) 
was heated at 60 °C for one hour. Methanol was exhaustively removed under vacuum over 45 minutes. 
The resultant DMSO solution was treated with tert-butyl bromoacetate (1.80 g, 10.50 nunol) and stirred 
at 50 under an atmosphere of nitrogen for one hour. The reaction mixture was diluted with ethyl 
acetate and washed with ice cold dilute hydrochloric acid. The orgajtiic extract was washed with aqueous 
10 sodium thiosulfate, brine, dried over anhydrous sodiimi sulfate, filtered, and concentrated under vacuum. 
The residue was triturated with a mixture of diethyl ether and ethyl acetate. The solid precipitated was 
collected by filtration to provide the title compound. ES MS M+1 = 495 

Step 2: Methyl 2-(2-tert-butoxy-2-oxoethyl)-6-(3-chloro-4-fluoroben2:yl)-4-methoxy-3,5-dioxo- 

1 5 2,3 ,5,6,7,8-hexahydro-2,6-naphthyridine- 1 -carboxylate 

A mixture of methyl 2-(2-tert-butoxy-2-oxoethyl)-6-(3-chloro-4-fluoroben2yl)-4- 
hydroxy-3,5-dioxo-2,3,5,6,7,8-hexahydro-2,6-naphthyridine-l-carboxylate (0.70 g, 1.41 mmol) and a 
solution of trimethylsilyldiazomethane in hexane (1.0 mL, 2.0 mmol; 2M) in dichloromethane-methanol 
(4 & 2mL) was stirred at room temperature overnight. The reaction mixture was concentrated under 

20 vacuum. The residue was subject to colunm chromatography on silica gel euting with 2 % methanol in 
dichloromethane. Collection and concentration of appropriate fractions provided the title compound. 
ES MS M+1 = 509 

Step 3: 2-(2--tert-Butoxy-2-oxoethyl)-6-(3-chloro-4~fluorobenzyl)-4-methoxy-3,5-dioxo- 

25 2,3,5,6, 7,8-hexahydro-2,6-naphthyridine-l-carboxylic acid 

A mixture of methyl 2-(2-tert-butoxy-2-oxoethyl)-6-(3-chloro-4-fluoroben2yl)-4- 
methoxy-3,5^dioxo-2,3,5,6,7,8-hexahydro-2,6-naphthyridine-l-carboxylate (0.49 g, 0.96 mmol) and 
lithium hydroxide monohydrate (0.12 g, 2.9 mmol) in a mixture of tetrahydrofuran (3 mL) and water (2 
mL) was stirred at room temperature for one hour. The reaction mixture was concentrated under 

30 vacuum. The residue was partitioned between dichloromethane and dilute hydrochloric acid. The 
organic extract was dried over anliydrous sodium sulfate, filtered, and concentrated under vacuum to 
provide tlie title compound. This was used in the following step without further purification. ES MS 
M+1 =495 
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Step 4: l-[(tert-Bu1yloxycarbonyl)ammo]-2-(2-tert-butoxy-2-oxoet^^^ 

fluorobeii2yl)-4-methoxy-3,5-dioxo-2,3,5,6,7,8-hexahydro-2,^ 

A mixture of 2-(2-tert-butoxy-2-oxoethyl)-6-(3-chloro-4-fluorobenzyl)-4-inethoxy-3,5- 
5 dioxo-2,3,5,6,7,8-hexahydro-2,6-naphthyridiiie-l~carboxylic acid (0.3 1 g, 0.62 mmol), triethylamine 
(0.10 mL, 0.74 mmol), and diphenylphosphoryl azide (0.19 g, 0.69 mmol) in a mixture of anhydrous 
dioxane (6 mL) and anhydrous tert-butanol (6 mL) was heated at 90 °C overnight. The reaction mixture 
was concentrated under vacuimi. The residue was subject to column chromatography on silica gel. 
Collection and concentration of appropriate iBractions provided the title compoimd. ES MS M+1 = 566 

10 

Step 5: 8-(3-Chloro-4-fluorobenzyl)-6-methoxy-l,8,9J0-tetrahydroimidazo[2,l-a]-2,6- 

naphthyridine-2,5,6(3Br)-trione 

A mixture of l-[(tert-butylcarbonyl)amino]-2-(2-tert-butoxy-2-oxoethyl)-6-(3-chloro-4- 

fIuorobenzyl)-4-methoxy-355-dioxo-2,3,556,7,8-hexahydro-2,6-naphthyridine (0.11 g, 0.96 mmol) and 

15 hydrogen chloride in dioxane (5 mL, 4 M) was stirred at room temperature for four hours. The reaction 

mixture was concentrated under vacuum to provide the title compound. This was used in the following 
step without further purification. iH NMR (400 MHz, CD3OD) 5 7.60 (dd, J= 7.0, 2.0 Hz, IH), 7.30 

(m, IH), 7.19 (t, J= 8.6, Hz, IH), 5.44 (s, IH), 4.83 (s, 2H), 4.72 (s, 2H), 3.90 (s, 3H), 3.51 (t, J= 5.8 
Hz, 2H), 2.63 (t, J= 5.8 Hz, 2H) ES MS M+1 = 392 

20 

Step 6: 8-(3-Chloro-4-fluoroben2yl)-6-methoxy- 1 ,3-dimethyl- 1 ,8,9, 1 0-tetrahydroimidazo[2, 1-a]- 

2,6-naphthyridine-2,5,6(3H)-trione 

A mixture of 8-(3-chloro-4-fluorobenzyl)"-6-methoxy-l,8,9,10-tetrahydroimidazo[2,l-a]- 

2,6-naphthyridine-2,5,6(3H)-trione (67 mg, 0.17 mmol), sodium hydride (17 mg, 60% dispersion; 0.42 

25 mmol), iodomethane (49 mg, 0.35 mmol) in anhydrous DMF (8 mL) was stirred at room temperature 

overnight. The reaction mixture was concentrated under vacuum. The residue was subject to colunm 

chromatography oiLsilica gel. Collection^ and concentration of appropraite jfractions provided the title 
compound. 1h NMR (400 MHz, CDCI3) 5 7.39 (dd, J= 6.8, 2.0 Hz, IH), 7.23 (m, IH), 7.12 (t, J= 8.6, 

Hz, IH), 4.74 (t, J= 14.8 Hz, IH), 4.72 (q, 7- 6.9 Hz, IH), 4.63 (t, J= 14.8 Hz, IH), 4.05 (s, 3H), 3.41 
30 (m, 2H), 3.39 (s, 3H), 2,92 (m, 2H), 1.74 (d, J= 6.9 Hz, 3H). ES MS M+1 = 420 

Step 7: 8-(3~Chloro-4-fluorobenzyl)-6-hydroxy- 1 ,3-dimethyl- 1 ,8,9, 1 0-tetraliydroimidazo[2, 1 -a]- 

2,6-naphthyridine-2,5,7(3H)-trione 
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A mixture of 8-(3-chloro-4-fluorobenzyl)-6-methojiy-l,3-dimethyl-l,8,9,10- 

tetrahydroimidazo[2,l-a|-2,6-naphthyridme-2,5,6(3H)-trione (10 mg, 23 ixmol) and 33% hydrogen 

bromide in acetic acid (1 mL) was stirred at room temperature for two hours. The reaction mixture was 

concentrated under vacuum. The residue was triturated with diefliyl ether and filtered to provide the title 
5 compound. iHNMR (400 MHz, CDCI3) 5 7.38 (dd, J= 6.8, 2.0 Hz, IH), 7.23 (m, IH), 7.12 (t, J= 8.6, 

Hz, IH), 4.71 (br signals, 3 H), 3.47 (br signals, 2H), 3.40 (br s, 3H), 3.12 (br s, 2H), 1.76 (br signals, 
3H) ES MS exact mass M+1 = 406.0969 



EXAMPLE 9 

10 8-(3-Chloro-4-fluorobeii2yl)-6-hydroxy-l,3,3-trimethyl-l,8,9,10-tetrahydromiidazo[2,l-a]-2,6- 
naphthyridine-2,5,7(3H)-trione 




The titled compound was prepared in a manner similar to that described in Example 8. 

In Step 6, additional sodium hydride and methyl iodide were added for trimethylation. iH NMR (400 
15 MHz, CDCI3) 5 7.36 (dd, J= 6.8, 2.0 Hz, IH), 7.23 (m, IH), 7. 16 (t, J= 8.6, Hz, IH), 4.69 (br s, 3 H), 

3.48 (br signals, 2H), 3.40 (s, 3H), 3.10 (br s, 2H), 1.79 (br s, 6H) ES MS exact mass M+1 = 420.1 112 



EXAMPLE 10 

ll-(3-Chloro-4-fIuorobenzyl)-9-hydroxy-2-[2-(acetyloxy)ethyl]-3,4,5,6,12,13-hexahydro- 
20 2H[l,4]diazocino[2,l-a]-2,6-naphthyridine-l,8,10(l lH)-trione 

/-'0C(0)CH3 




O OH 
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Step I j Ethyl 6-(3-chloro-4-fluorobeii2yl)-4-hydroxy-5-oxo-5,6,7,8-tetraliydro-2,6- 

naphthyridine- 1 -carboxylate 

A mixture of ethyl 5-butoxy-l,3-oxa2ole-2~carboxylate (248 g, 1.16 mol; Example 1, 
step 5), l-(3-chloro-4-fluorobenzyl)-5,6-dihydropyridin-2(lH)--one (199.2 g, 0.83 mol; Example 1, step 
5 2% and deionized water (22.5 mL, 1 .25 mol) in a glass lined stainless steel high pressure reactor (with the 
interstitial space between the liner and the pressure vessel was filled with water) was heated at 135 °C 
with stirring for 72 hours. The product mixture was cooled in an ice-water batli aud tlie gaseous by- 
product was carefully vented. The orange solid product was triturated with methyl tert-hutyl ether (300 
nfiL) and collected by filtration. The product recrystallized from boiling ethanol-water (-500 mL, 9:1 
1 0 v/v), collected by filtration, washed successively with a small quantity of etlianol, methyl tei^t-hntyl ether 
(300 mL), and heptane (200 mL), and air dried to afford the title compound. 

IH NMR (400 MHz, CDCI3) 6 12.79 (s, IH), 8.42 (s, IH), 7.4 (dd, J = 2, 7 Hz, IH), 7.2 (m, IH), 7.15 (t, 

J = 8.6 Hz, IH), 4.7 (s, 2H), 4.4 (q, J = 7 Hz, 2H), 3.5 (m, 4H), 1.4 (t, J = 7 Hz, 3H). (ES MS M+1 - 
379.0) 

15 

Step 2: Ethyl 6-(3-chloro-4-fluoroben2yl)-4-methoxy-5-oxo-5,6,7,8-'tetrahydro-2,6- 

naphthyridine- 1 -carboxylate 

To a stirred solution of ethyl 6'-(3-chloro-4-fluorobenzyl)-4-hydroxy-5-oxo-5,6,7,8- 
tetrahydro-2,6-naphthyridine-l -carboxylate (208 g, 0.55 mol) in a mixture of dichloromethane (830 mL) 

20 and methanol (410 mL) at 10 ^C, a solution of (trimetliyl-silyl)diazomethane (600 mL, 1.2 mol; 2M) in 
hexanes was added over a period of 1 hour with the reaction temperature maintained below 15 ""C. The 
reaction mixture (unstirred) was allowed to stand at 10 °C ovemigjit, and then at 20 °C for additional 4 
hours. The reaction mixture was cooled back to ICC and quenched with acetic acid (- 75 mL). The 
product mixture was concentrated under vacuum and the residue recrystallized fi"om boiling methyl tert- 

25 butyl ether and heptane. The solid recrystallized was collected by filtration, washed with a mixture of 
methyl tert-buty\ etlier and heptane (1:1, v/v), and air dried to afford the title compound. 
lHNMRX400_MHz, CDCI3) 5 8.42 (s, IH), 7.41 (dd, J-2, 7 Hz, IH), 7.24 (m, IH), 7.11 (t, J- 8.6 Hz, 

IH), 4.70 (s, 2H), 4.42 (q, J = 7 Hz, 2H), 4.12 (s, 3H), 3.4 (m, 4H), 1.42 (t, J = 7 Hz, 3H). (ES MS M+1 
= 392.9) 

30 

Step 3: Ethyl 3-(acetyloxy)-6-(3-chloro-4-fluorobenzyl)-4-methoxy-5-oxo-5,6,7,8-tetrahydro-2,6- 

naphthyridine- 1 -carboxylate 
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To a cold (5 °C) mixture of ethyl 6-(3-chloro-4-fluorobenzyl)-4-methoxy-5-oxo-5,6,7,8- 
tetrahydro-2,6-naphthyridine-l-carboxylate (199 g, 0.51 mol) and urea hydrogen peroxide (100 g, L06 
mol) in dichloromethane (1.5 L), trifluoroacetic anhydride was added dropwise over a period of 45 
minutes. The resultant homogeneous solution was stirred at 20 ""C for 30 minutes and cooled back to 5 
5 °C. The reaction mixture was treated with aqueous potassium hydrogen phosphate (pH of aqueous 

extract increased to ~8), followed by slow addition of freshly prepared aqueous sodium bisulfite solution 
with the temperature of the product mixture maintained below 25 °C. The organic extract was separated 
and the aqueous fraction extracted with toluene (2X). The organic extracts were combined, dried over 
anhydrous sodium sulfate, filtered, and concentrated under vacuum. Without further purification, a 
10 solution of this intermediate N-oxide (-280 g) and acetic anhydride (239 mL, 2.5 mol) in toluene (2 L) 
was heated at 1 10 °C for 16 hours. The product mixture was concentrated under vacuum. The resultant 
oil was concentrated from toluene (300 mL, twice) and stored under vacuum overnight. The acetate 
product was used in the following step without further purification. 
(ES MS M+1 = 408.9) 

15 

Step 4: 6-(3-Chloro-4-fluoroben2yl)-4-methoxy-3,5-dioxo-2,3,5,6,7,8-hexahydro-2,6- 

naphthyridine-l-carboxylic acid 

A mixture of ethyl 3-(acetyloxy)-6-(3-chloro-4-fluorobenzyl)-4-methoxy-5-oxo-5,6,7,8- 
tetrahydro-2,6-naphthyridine~l-carboxylate (217 g, 0.48 mol), lithium hydroxide monohydrate (70.7 g, 

20 1.67 mol), and water (320 mL) in ethanol (1.8 L) was sonicated for 20 mmutes. The reaction mixture 
was cooled in an ice-water bath and treated with hydrochloric acid (425 mL, 3 M). The resultant light 
yellow solid was filtered, washed successively with water (1 L), a 3:2 v/v mixture of water and ethanol 
(500 mL), MTBE (750 mL), and air dried. The yellow solid was dissolved in anhydrbus DMF (700 mL) 
and concentrated under vacuum. The procedure was repeated twice to remove residual water. The 

25 yellow solid was triturated with MTBE, filtered, and stored xmder vacuum overnight to afford the title 
acid. 

lHNMR(400MHz, CDCl3)5 7.54(dd, J = 2, 7Hz, IH), 7.3 (m, 2H), 4.65 (s, 2H), 3.89 (s, 3H), 3.43 (t, 
J = 5.5 Hz, 2H), 3.00 (t, J = 5.5 Hz, 2H). (ES MS M+l = 380.9) 

3 0 Step 5: N-[2-(Ben2yloxy)ethyl] -4- { [re7^/-butyl(dimethyl)sily l]oxy } butan- 1 -amine 

A mixture of 4-hydroxybutylamine (4.0 g, 44.9 mmol), rer/-butyldimethyl-silyl chloride 
(7.4 g, 49.3 mmol) and imidazole (6.7 g, 98.7 mmol) in dichloromethane (150 mL) was sthred at room 
temperature for 2 hours. The product mixture was washed successively with aqueous NaHCOa, water. 
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and brine. The organic extract was dried over anhydrous sodium sulfate, filtered, and concentrated under 
vacuum. This intermediate si^dated aminoalcohol was used without further purification. To a mixture 
of the amine (1.0 g, 4.9 nrniol) and benzyloxyacetaldehyde (0.74 & 4.9 mmol) in dichloroethane (15 mL) 
at room temperature, sodium triacetoxyborohydride (1.3 g, 6.3 mmol) was added. The reaction mixture 
5 was concentrated under vacuum. The residue was partitioned between ethyl acetate and aqueous sodixmi 
carbonate. The organic extract was dried over anhydrous sodium sulfate, filtered, and concentrated 
under vacuum. The residue was subjected to column chromatography on silica gel eluting with 2% 
methanol in dichloromethane. Collection and concentration of appropriate jfractions afforded tlie title 
silyloxybutyl-amine. 

10 IH NMR (400 MHz, CDCI3) 5 7.33 -7.25 (m, 5H), 4.5 1 (s, 2H), 3 .60 (m, 4H), 2.79 (br t, J = 4.9 Kz, 2H), 
2.60 (br t, 2 H), 1.52 (br signal, 5 H), 0.87 (s, 9H), 0.03 (s, 6H). 

Step 6: N42-(Ben2yloxy)ethyl]-N<4-{[r^r^butyl(dimethyl)silyi]oxy}bu1yl)-6K3-chlo^^^^ 

fluoroben2yl)-4-methoxy-3 ,5-dioxo-2,3 ,5,6,7,8-hexahydro-2,6-naphthyridine- 1 - 

15 carboxamide 

A mixture of 6-(3-chloro-4-fluorobenzyl)-4-methoxy-3,5-dioxo-2,3,5,6,7,8-hexahydro-2,6- 

naphthyridine-l-carboxylic acid (0.19 g, 0.49 mmol), N-[2-(ben2yloxy)-ethyl]-4-{[/err- 

butyl(dimethyl)silyl]oxy}butan-l-amine (0.19 g, 0.55 mmol), EDC (0.10 g, 0.55 mmol), HOAt (75 mg, 

0.55 mmol) and diisopropylethylamine (0.35 mL, 1.99 mmol) in DMF (2 mL) was stirred at room 

20 temperature overnight. The product mixture was concentrated imder vacuum. The residue was 

partitioned between methylene chloride and water. The organic extract was dried over anhydrous sodium 

sulfate, filtered, and concentrated under vacuum to afford the title compound. This material was used in 

the following step without further purification. 

25 Step 7: N-[2-(Benzyloxy)ethyl]-N-(4-hydroxybutyl)-6-(3-chloro-4-fluorobenzyl)-4-methoxy-3,5- 

dioxo-2,3,5,6,7,8-hexahydro-2,6-naphthyridine-l-carboxamide 

To a solution of N-[2-(ben2yloxy)ethyl]~N-(4~{[/er^butyl(dimethyl)silyl]-oxy}butyl)-6- 
(3-chloro-4-fluorobenzyl)-4-methoxy-3,5-dioxo-2,3,5,6,7,8-hexahydro-2,6-naphthyridine-l-carbox^^ 
(0,41 g, 0.59 mmol) in THF, a solution of tetra-n-butyl-ammonium fluoride (0.65 mL, IM) in THF was 
30 added. The reaction mixture was stirred at room temperature overnight, and concentrated under vacuimi. 
The residue was subjected to column chromatography on silica gel eluting witli 3% methanol in 
dichloromethane. Collection and concentration of appropriate fractions afforded the title compound. 
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Step 8: N-[2-(Benzyloxy)ethyl]-N-(4-methanesulfonyloxybutyl)-6-(3-chloro-4-flu^^ 

metlioxy-3,5-dioxo-2,3,5,6,7,8-hexahydro-2,6-naphthyridine-l-ca^^ 

To a solution of N-[2-(benzyloxy)et]iyl]-N-(4-hydroxybutyl)-6-(3-chloro-4- 

fluorobenzyl)-4-methoxy~3,5-dioxo-2,3,5,6,7,8-hexahydro-2,6-naphth^ (0.20 g, 

5 0.34 mmol) and diisopropylethylamine (0.07 mL, 0.41 mmol) in dichloromethane, methanesulfonic 

anhydride (71 mg, 0.41 mmol) was added. The reaction mixture was stirred at room temperature for 30 

minutes. The product mixture was washed with water. The organic extract was dried over anhydrous 

sodium sulfate, filtered, and concentrated mider vacuum. The residue was subjected to column 

chromatography on silica gel eluting with 0.5% methanol in dichloromethane. Collection and 

1 0 concentration of appropriate fractions afforded the title compound. 

iH NMR (400 MHz, CDCI3) mixture of rotamers 5 7.36 -7.08 (m, 8H), 4.64 (s, IH), 4.57 (s, 1 H), 4.50 

(s, IH), 4.33 (s, IH). 4.06 (s, 3H), 3.75 (s, 2 H), 3.69 (q, J = 5.7 Hz, IH), 3.58 (t, J = 7.3 Hz, 1 H), 3.49(br 
m, 3H), 3.44 (s, L5 H), 3.52 (s, 1.5H), 3.25 (q, J = 6.8 Hz, 2 H), 2.97 (t, 6.4 Hz, 1 H), 2.69 (q, 6.7 Hz, 2 
H), 1.78 - 1.36 (m). (ES MS M+1 = 664.2) 

15 

Step 9: ll-(3-Chloro-4-fluorobenzyl)-9-methoxy-2-[2-(benzyloxy)ethyl]-3,4,5,6,12,13- 

hexahydro-2H[ 1 ,4] diazocino[2, 1 -a] -2,6-naphthyridine- 1 , 8 J 0( 1 1 H)-trione 
To a mixture of N-[2-(benzyloxy)etliyl]-N-(4-methanesulfonyloxybutyl)-6-(3-chloro-4- 

fluoroben2yl)-4-methoxy-3,5-dioxo-2,3,5,6,7,8-hexahydro-2,6-naphthyridine-l-carboxamide(90mg, 
20 0.14 mmol) and cesium carbonate (53 mg, 0.16 mmol) in DMF was heated at 75 ""C for 90 minutes. The 

product mixture was concentrated under vacuum. The residue was subjected to column chromatography 

on silica gel eluting with 5% methanol in dichloromethane. Collection and concentration of appropriate 

fractions afforded the title compound. 

IH NMR (400 MHz, CDCI3) 5 7.34 (dd, J = 2.0, 6.8 Hz, IH), 7.27-7.08 (m), 7.09 (t, J = 8.6 Hz, IH), 

25 5.28 (s), 4.74 (dd, J = 6.2, 13.9 Hz, IH), 4.67 (d, J = 14.8 Hz, IH), 4.57 ( d, 14.8 Hz, IH), 4.48 (s, 2H), 
4.18 (m, IH), 4.09 (s, 3H), 3.78-3.66 (m, 2H), 3.46-3.16 (m, 6H), 2.70-2.63 (m, IH), 2.25-2.00 (m, IH), 
1.85-1.72 (m, IH). (ES MS M+1 ^ 569.0) 

Step 10: 1 l-(3-Chloro-4-fluorobenzyl)-9-hydroxy-2-[2-(acetyloxy)ethyl]-3 ,4,5,6, 1 2, 1 3- 

30 hexahydro-2H[l,4]diazocino[2,l-a]-2,6-naphthyridine-l,8,10(llH)-trione 

A mixture of 1 l-(3-chloro-4-fluorobenzyl)-9-methoxy-2-[2-(benzyl-oxy)ethyl]- 
3,4,5,6,12,13-hexaliydro-2H[l,4]diazocino[2,l-a]-2,6-naphtliyridine-l,8,10(llH)-trione (120 mg, 0.21 
mmol) and 33% hydrogen bromide in acetic acid (1 mL) in dioxane (1 mL) was stirred at room 
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temperature for 1 hour. The product mixture was concentrated under vacuum. The residue was 

subjected to reverse phase column chromatography on C-18 stationary phase eluted with a 95-5% water- 

acetonitrile gradient. Collection and lyophilization of appropriate fractions afforded the title compound. 
iH NMR (400 MHz, CDCI3) 5 7.34 (dd, J= 6.7,1.6 Hz, IH), 7.18 (br signal, IH), 7.12 (t, J= 8.6 Hz, 

5 IH), 4.79 (br signal), 4.76 (d, J= 14.7 Hz, IH), 4.54 (d, J= 14.7 Hz, IH), 4.46 (br signal), 4.18 (m, 2H), 
3.48-3.25 (m), 3.00-2.93 (m), 2.61-2.57 (m), 2.03 (s, 3H), 2.09-1.75 (m). (ES MS M+1 = 506.2) 



EXAMPLE 11 

ll-(3-Chloro-4-'fluorobenzyl)-9-hydroxy-2-(2-hydroxyethyl)-3,4,5,6,12,13-hexaiiydro- 
1 0 2H[l,4]diazocino[2,l-a]-2,6-naphthyridine-l,8,10(l lH)-trione 

r—OH 




A mixture of 1 l-(3-chloro-4-fluoroben2yl)-9-hydroxy-2-[2-(acetyloxy)ethyl]- 

3,4,5,6,12,13-hexahydro-2H[l,4]diazocino[2,l-a]-2,6-naphthyridine-l,8,10(llH)-trione (50 mg, 0.1 

mmol) and aqueous lithium hydroxide (0.5 mL, IM) in THF was stirred at room temperature for 1 hour. 

15 The product mixture was concentrated under vacuum. The residue was subjected to reverse phase 

colunm chromatography on C-18 stationary phase eluted with a 95-5% water-acetonitrile gradient. 

Collection and lyophilization of appropriate fractions afforded the.title compound. 

iH NMR (400 MHz, CDCI3) 6 13.17 (br s, IH), 7.35 (dd, J= 6.9, 2.2 Hz, IH), 7.18 (br signal, IH), 7.13 

(t, J= 8.4 Hz, IH), 4.82 (m, IH), 4.79 (d, 15.0 Hz, IH), 4.54 (d, J= 15.0 Hz, IH), 4.19-4.13 (m, IH), 
20 3.95 ~ 3.82 (m, 2H), 3.49 - 3.35 (m), 3.29 -3.24 (m, IH), 3.03-2.96 (m, IH), 2.64 -2.S7-(m, IH), 2.13 ^ 
0,09 (m). (ES MS M+1 =464.1378) 



EXAMPLE 12 

[ 1 1 -(3 'Chloro-4-fluorobenzy l)-.9 -hydroxy- 1,8,1 0-trioxo- 1 ,3 ,4, 5 , 6, 8 , 1 0, 1 1 , 1 2, 1 3 -deca-hydro-2H- 
25 [1,4] diazocino [2, 1 -a] -2, 6-naplithyridin-2-yl]acetic acid 
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Step 1: tert-Butyl [(4-hydroxybutyl)amino]acetate 

To a cold (0 ""C) solution of 4-hydroxybutylamine (9.1 g, 101.8 mmol) in diethyl ether 
(100 mL), a solution of tert-hutyl bromoacetate (7.4 g, 49.3 mmol) in diethyl ether (25 mL) was added 
5 dropwise over a period of 2 hours. The reaction mixture was allowed to warm up slowly to room 

temperature and stirred at the temperature overnight. The product mixture was washed successively with 
aqueous NaHCOs, water, and brine. The organic extract was dried over anJhiydrous sodium sulfate, 
filtered, and concentrated under vacuum. This intermediate was used in the following reaction without 
further purification. 

10 iH NMR (400 MHz, CDCI3) 5 3.58 (t, J = 5.3 Hz, 2H), 3.26 (s, 2H), 2.63 (t, J = 6.1 Hz, 2H), 1.67-1.58 
(m,4H), 1.45 (s,9H). 

Step 2: teri-Bntyl [1 l-(3-chloro-4-fluorobenzyl)-9-methoxy-l,8,10-trioxo- 

l,3,4,5,6,8,10,ll,12,13-decahydro-2H41,4]diazocino[2,l-a]-2,6-naphthyridin-^^ 
15 yl]acetate 

The title compound was prepared in a manner similar to that described in Example 10, steps 6 to 
8, substituting N-[2-(benzyloxy)ethyl]-4-{[/er^butyl(dimethyl)-silyl]oxy}butan-l-amm^ with tert-hutyl 
[(4-hydroxybutyl)amino]acetate in step 6. 

lHNMR(400MHz,CDCl3)6 7.45 (dd,J^=6.7, 1.6 Hz, IH), 7.18 (br signal, IH), 7.08 (t, J= 8.6 Hz, 
20 IH), 4.75 (dd, J = 13.9, 6.0 Hz, IH), 4.67 (d, J= 14 J Hz, IH), 4.63 (d, J= 14.7 Hz, IH), 4.25 (d, J= 
16.8 Hz, IH), 4.11 (s, 3H), 3.91 (d, J= 16.8 Hz, IH), 3.68 (dd, J = 10.8, 13.7 Hz, IH), 3.48-3.34 (m), 
3.19 (dd, J = 4,15 Hz, IH), 2.86-2.79 (m), 2.55-2.48 (m, IH), 2.1 1-2,08 (m), 1.89-1.74 (m). (ES MS 
M+l = 549) 

25 Step 3: [1 l-(3-Chloro-4-fluorobenzyl)-94iydroxy-l,8,10-trioxo-l,3,4,5,6,8,10,l 1,12,13-deca- 

hydro-2H-[ 1 ,4]diazocino[2, 1 -a]-2,6-naphthyridin-2-yl]acetic acid 
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A mixture of tert-hutyl [1 l-(3-chloro-4-fluorobenzyl)-9-methoxy-l,8,10-trioxo- 

l,3A5,6,840414243-decahydro-2H-[l,4]diazocino[2J-a]-2,6-naphth^ (50 mg, 0.09 

mmol) and 33% hydrogen bromide in acetic acid (1 mL) in dioxane (1 mL) was stirred at room 

temperature for 1 hour. The product mixture was concentrated under vacuum. The residue was 

5 subjected to reverse phase column chromatography on C-18 stationary phase eluted with a 95-5% water- 

acetonitrile gradient. Collection and lyophilization of appropriate fractions afforded the title compound. 
iH NMR (400 MHz, CDCI3) 5 7.34 (dd, J= 6.6, 2.1 Hz, IH), 7.18 (br signal, IH), 7.11 (t, J= 8.4 Hz, 

IH), 4.78 (d, J = 14.8 Hz, IH), 4.52 (d, J = 14.8 Hz, IH), 4.41 (d, J= 17.8 Hz, IH), 4.07 (d, J= 17.8 Hz, 
IH), 3.67 (m, IH), 3.51-3.36 (m), 3.23 (br d, IH), 2.96 (m), 2.60 (m, IH), 2.08 (m), 1.96 (m), 1.76 (m). 
10 (ESMSM+1 =478.2) 



EXAMPLE 13 

2-[ll-(3-Chloro-4-fluorobenzyl)-9-hydroxy-l,8,10-trioxo-l,3,4,5,6,8,10,ll,12,13-dec 
[ 1 ,4] diazocino [2, 1 -a]-2,6-naphthyridin-2-yl]-N,N-dimethylacetamide 

C(0)N(CH3)2 




O OH 



Step 1 : 2-[ll-(3-Chloro-4-fluorobenzyl)-.9-hydroxy-l,8,10-trioxo-l,3,4,5,6,8,10,ll,12,13-deca- 

hydro-2H-[l,4]diazocino[2,l-a]-2,6-naphthyridin-2-yl]-N,N-dimethylacetamide 

Asolution of [1 l-(3-chloro-4-fluorobenzyl)-9-hydroxy-l,8,10-trioxo- 

1,3,4,5,6,8,10,11, 12,13-deca-hydro-2H-[l,4]diazocino[2,l-a]-2,6-naphthyridin-2-yl]acetic acid (25 mg, 

20 0.05 mmol), BOP (28 mg, 0.06 nunol), diisopropylethylamine (7 mg, 0.07 mmol) and dimethylamine 

(0.1 1 mL, 2M in THF) in DMF (0.5 mL) was stirred at room temperature overnight. The product 

mixture was concentrated under vacuum. The residue was subjected to reverse phase column 

chromatography on C-18 stationary phase eluted with a 95-5% water-acetonitrile gradient. Collection 

and lyophilization of appropriate fractions afforded the title compound. 
25 IH NMR (400 MHz, CDCI3) 5 13.2 (br s, IH), 7.35 (d, J= 6.8 Hz, IH), 7.18 (br signal, IH), 7.12 (t, J= 

8.4 Hz, IH), 4.84 (m, IH), 4.80 (d, J = 14.8 Hz, IH), 4.66 (d, J = 16.1 Hz, IH), 4.52 (d, J = 14.8 Hz, IH), 
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3.89 (d, J= 15.9 Hz, IH), 3.68 (app t, J= 12.2 Hz, IH), 3.50-3.15 (br m, 4H), 3.07 (s, 3H), 3.01-2.92 (br 
m, 4H), 2.77 (dt, J = 5.3, 15.9 Hz, IH), 2.14-2.08 (m, IH), 1.96-1.74 (br m, 3H). (ES MS M+1 = 505.3) 

EXAMPLES 14-15 

5 The compounds in the following table were prepared in accordance with the procedure 

set forth in Example 13 using the appropriate amine in place of dimethylamine. 



Example 


Compound 


Data 


14 


2-[ 1 1 -(3 -Chloro-4-fluorobenzyl)-9-hydroxy- 1,8,1 0-trioxo- 
1 ,3,4,5 A8, 10, 11,12, 1 3-deca-hydro-2H-[l,4]diazocino[2, 1-a]- 

Zt^yj -JUlCljJilUULy r J.UJLLi'*^ Jf IJ — iN -XIJIC XAXj iCtC'C LCLLUXU v 

C(0)NH(CH3) 

N — \ 

O OH 


ES MS M+1 -491.3 


15 


2- [ 1 1 -(3 -Chloro-4-fluorobenzyl)-9-hydroxy- 1,8,1 0-trioxo- 
1 ,3 ,4,5,6,8, 1 0, 1 1 , 12, 1 3-deca-hydro-2H-[l,4]diazocino[2, 1-a]- 
2,6-naphthyridin-2-yl]acetamide 

C(0)NH2 

O OH 


HRMS (APCI, M+1): 
found 477.1334 



EXAMPLE 16 

10 ll<3-Chioro-4-fluorobenzyl)-9-hydroxy-2-(2-morphoim-4-yIethyl)-3A5,6J 
2H[1 ,4]diazocmo[24 -a]-2,6-aaphthyridine- 1 ,8, 1 0( llH)-trione 
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Step 1: 1 1 -(3 -Chloro-4-fluoroben2yl)-9-methoxy-2-(2-hydroxyethyl>3 ,4,5 ,6, 12,13 -hexahydro- 

2H[l,4]diazocino[2,l-a]-2,6-naphthyridme-l,8,10(llH)-trione 

A mixture of 1 l~(3-chloro-4~fluorobenzyl)-9-methoxy-2-[2-(benzyloxy)ethyl]- 

5 3,4,5,6,12,13-hexahydro-2H[l,4]diazocino[2,l-a]-2,6-naphthyridin^^ (0.55 g, 0.97 

mmol) and 5 % rhodium on carbon (1.10 g) in ethyl acetate (22 mL) was stirred under a balloon of 

hydrogen at room temperature overnight. The product mixture was filtered through a pad of Celite. The 

filtrate was concentrated imder vacuum to afford the title compound. This material was used in the 

following reaction without further purification. 
10 lHNMR(400 MHz, CDCI3) 5 7.37 (m, IH), 7.22-7.19 (m, IH), 7.10 (t, J = 8.6 Hz, IH), 4.83-4.61 (m, 3 

H), 4.19-4.00 (m, 4H), 3.93-3.80 (m, 2H), 3.72-3.55 (m, IH), 3.49-3.14 (br m, 5H), 2.96-2.81 (m, IH), 
2.48-2.34 (m, IH), 1.95-1.43 (br signal), 1.21-1.13 (br m, IH), 0.93-0.84 (br m, IH). (ES MS M+1 = 
478.1) 

15 Step 2: ll-(3-ChIoro-4-fluorobenzyl)-9-methoxy-2-[2-(methansulfonyloxy)ethyl]-3,4,5,6,12,13- 

hexahydro-2H[ 1 ,4]diazocino[2, 1 -a]-2,6-naphthyridine-l ,8, 1 0( 1 lH)-trione 
To a cold (0 ""C) solution of 1 l-(3-chloro-4-fluorobenzyl)-9-methoxy-2-(2-hydroxyethyl)- 
3,4,5,6,12,13-hexahydro-2H[l,4]diazocino[2,l-a]-2,6-naphthyridine-l,8,10(llH)-trio (250 mg, 0.52 
mmol) and diisopropylethylamine (0.19 mL, 1.05 mmol) in dichloromethane (5 mL), methanesulfonic 

20 anliydride (0.1 g, 0.63 mmol) was added. The reaction mixture was allowed to warm up to room 
temperature and was stirred at room temperature for 2 hour. The product mixture was diluted with 
dichloromethane and washed with aq ammonium chloride. The organic extract was dried over anhydrous 
magnesium sulfate, filtered, and concentrated under vacuum to afford the title compound. This material 
was used in the following reaction without furtlier purification. (ES MS M+1 = 556.3) 

25 
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Step 3: ll-(3-Chloro-4-fluoroben2yl)-9-methoxy-2-(2-morph^ 

hexaliydro-2H[ 1 ,4]diazocmo[2, 1 -a]-2,6-naphthyridine- 1 ,8, 1 0( 1 lH)'-trione 
A mixture of 1 l-(3-chloro-4-fluorobenzyl)-9-methoxy-2-(2-methane-sulfonyl^ 

3A5A1243-hexahydro-2H[l,4]diazocmo[2a-a]-2,6-naph1iiyrid^^^ (97 mg, 0.17 

5 mmol), morpholine (30 mg, 0.35 mmol), and diisopropylethylamine (006 mL, 0.355 mmol) in THF (1.7 

mL) was stirred at 40 °C overnight The product mixture was concentrated under vacuum. The residue 

was subjected to column chromatography on silica gel eluting with gradient mixture of methanol in 

dichloromethane. Collection and concentration of appropriate fractions afforded the title compound. 

IHNMR (400 MHz, CDCI3) 6 7.37 (dd, J = 2.0, 7.0 Hz, IH), 7.21 (m, IH), 7.12 (t, J = 8.8 Hz, IH), 4.80 
10 (dd, J = 6.2, 13.9 Hz, IH), 4,74 (d, J = 15.0 Hz, IH), 4,62 (d, J = 14.8 Hz, IH), 4.12-4.07 (m, 4H), 3.69- 

3.64 (m, 4H), 3.45-3.30 (m, 5H), 3.20-3.13 (m, IH), 2.90-2.83 (m, IH), 2.66-2.42 (m, 7H), 2.08 (br m, 

IH), 1.91-1.72 (br m, 3H). (ES MS M+1 = 547.4) 

Step 4: ll-(3-Chloro-4-fluorobeiizyl)-9-hydroxy-2-(2-morpholin-4-ylethyl)-3,4,5,6,12,n 
1 5 hexahydro-2H[ l,4]diazocino[2, 1 -a]-2,6-naphthyridine- 1 ,8, 1 0( 1 lH)-trione 

A mixture of 1 l-(3-chloro-4-fluorobenzyl)-9-methoxy-2-(2-morpholin-4-ylethyl)- 
3,4,5,6,12,13-hexahydro-2H[l,4]diazocino[2,l-a]-2,6-naphthyridine-l,8,10(l lH)-trione (30 mg, 0.06 
mmol) and 33% hydrogen bromide in acetic acid (0.4 mL) in dioxane (2 mL) was stirred at room 
temperature for 30 minutes. The product mixture was concentrated under vacuum. The residue was 
20 subjected to reverse phase colxmm chromatography on C-18 stationary phase eluted witli a 95-5% water- 
acetonitrile gradient. Collection and lyophilization of appropriate fractions afforded the title compound. 
IHNMR (400 MHz, CDCI3) 5 13.3 (s, IH), 7.35 (dd, J = 2.0, 7.0 Hz, IH), 7.22-7.17 (m, IH), 7.13 (t, J - 
8.7 Hz, IH), 4.84-4.76 (m, IH), 4.67 (app q, J = 14.5 Hz, 2H), 4.43^4.36 (m, IH), 4.02-2.85 (br signal, 
17H), 2.66-2.60 (m, IH), 2.11-2.01 (br m, IH), 1.94 (br m, IH), 1.78-1.69 (br m, 2H). (ES MS M+1 = 
25 533.3) 

EXAMPLES 17-22 

The compounds in the following table were prepared in accordance with the procedure 
set forth in Example 16 using the appropriate amines or sodium alkoxide in place of morpholine in 
30 Examples 17 - 19 and 22. Acetylation and methanesulfonylation of the intermediate leading to the 
preparation of 19 provided Examples 20 and 21. 
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Example 



Compound 



17 



1 1 -(3 -Chloro-4-fluorobenzyl)-9-hy droxy-2-(2-pyrrolidinyl- 1 - 
ylethyl)-3,4,5,6, 12, 13-hexa]iydro-2H[l,4]diazocmo[2, l-a]-2,6- 
naphthyridine-l,8,10(l lH)-trione 




O OH 



Data 



ES MS M+1 =517.3 



18 



1 1 -(3 '•Chloro-4-fluorobenzyl)"9-hydroxy-2-(2-piperidmyl- 1 - 
ylethyl)-3,4,5,6,12,13-hexaliydro-2H[l,4]diazocino[2,l-a]-2,6- 
naphthyridme-l,8,10(l lH)-trione 



ES MS M+l =531.2 




19 



20 



1 1 -(3 -Chloro-4-fluoroben2yl>9-hydroxy-2-(2-aminoethyl)- 
3,4,5,6, 12, 13-hexahydro-2H[U4]diazocmo[2,l-a]-2,6- 
naphthyridine-1,8, 10(1 lH)-trione 

H2N 



ESMSM+1 =463.2 




O OH 



1 1 -(3 -Chloro-4-fluorobenzyl)-9-hydroxy-2- [2- 

(acety lammo)ethyl] -3 ,4,5 ,6, 1 2, 1 3 -hexahydro- 

2H[ 1 ,4]diazocino[2, l-a]-2,6-i]iaphthyridine- 1 ,8, 1 0(1 lH)-trione 

O 



ES MS M+1 = 505.3 




O OH 
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21 


ll-(3-Chloro-4-fluorobenzyl)-9-hydroxy-2-[2~ 
(methanesulfonylainmo)ethyl]-3 ,4,5,6, 1 2, 13-liexaliydro- 
2H[1 ,4]diazocino[2, l-a]-2,6-naphthyridme-l ,8, 1 0(1 lH)-trione 
H3C. H 

0 OH 


ES MS M+1 =541.3 


22 


ll-(3-Cmoro-4-fluorobenzyl)-9-hydrojiy-2-[2-(metho30^)ethyl] 
3,455,6, 12, 13-nexahyaro-2H[l ,4]diazocmo[2, l-a]-2,6- 
naphthyridine-l,8,10(l lH)-trione 

0^ \ 
0 OH 


ES MS M+1 = 478.2 



EXAMPLES 23 - 24 

ll-(3-Chloro-4-fluorobenzyl)-4,9-dihydroxy-2-methyl-3,4,5,6J2J3-hexahydr<>2H[l,4] 
2,6-naphthyridine- 1 ,8, 1 0( 1 lH)-trione 




O OH 



The title compound was prepared in a manner similar to that described in Example 1 0, steps 6 to 
10, substituting N-[2-(ben2yloxy)ethyl]-4-{[ter/-butyl(dimethyl)-silyl3oxy}butan-l-amine with 4-{[fe7'/- 
butyl(diphenyl)silyl]oxy}-l-(methylamino)butan-2-ol (Romeril, S. P. et al, Tet. Lett. 2003, 7757) in step 
6. 

Isomer A: 

lHNMR(600 MHz, CDCI3) 5 13.09 (s, IH), 7.35 (dd, J = 1.6, 6.7 Hz, IH), 7.20-7.15 (m, IH), 7.14-7.09 
(m, IH), 4.78 and 4.71 (d, J = 14.2 Hz, second d overlaps with broad multiplet, 2H), 4.60 and 4.55 (d, J = 
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14.9 Hz, IH), 4.16 and 3.96 (m, IH), 3.77 and 3.62 (dd, J = 10.8, 14.4 Hz, IH), 3.52-3.36 (m, 2H), 3.34- 
3.22 (m, 2H), 3.17 (s, 3H), 3.06-2.98 (m, IH), 2.67-2.48 (m, 2H), 1.94 (m). 
Isomer B: 

iH NMR (600 MHz, CDCI3) 5 13.13 (s, IH), 7.35 (d, J = 6.6 Hz, IH), 7.18 (m, IH), 7.13 (t, J = 8.5 Hz, 

5 IH), 4.79 and 4.74 (d, J = 15 Hz, 1 H), 4.68 (m, IH), 4.59 and 4.54 (d, J = 15 Hz, IH), 4.16 and 3.96 (br 
signal, 1 H), 3.79 (m), 3.56-3.17 (m), 3.06-2.98 (m, IH), 2.62-2.54 (m), 2.48 (br m), 2.12 (br m), 1.90 (br 
m). 

(ES MS M+1 = 450.21) 

10 EXAMPLE 25 

ll-(3-Chloro-4-fluoroben2yl)-9-hydroxy-2-methyl-5,6,12,13-tetrahydro-2H[l,4]diazocino[2,l-a]-2,6- 
naphthyridine-l,4,8,10(3H, llH>tetrone 




O OH 



Step 1: ll-(3-ChIoro-4-fluorobenzyl)-4-hydroxy-9-methoxy-2-methyl-3,4,5,6,12,13-hexahydro- 
15 2H[l,4]diazocino[2,l-a]-2,6-naphthyridine-l,8,10(l lH)-trione 

The title compound was prepared in a maimer similar to that described in Example 10, 
steps 6 to 9, substituting N-[2-(benzyloxy)ethyl]-4-{[tert-butyl(dimethyl)-silyI]oxy}butan-l-amine with 
4-{[tert-butyI(diphenyl)silyl]oxy}-l-(methylamino)butan-2-ol (Romeril, S. P. et al, Tet. Lett. 2003, 7757) 
in step 6. 

20 Early isomer on normal phase silica (2: 1 mixture of conformers): 

IHNMR (400 MHz, CDCI3) 5 7.35 (d, J = 6.8 Hz, IH), 7.17 (m,-ll^, 7.10-7.07 (m, IH), 4.89 and 4.71 

(d, J = 15 Hz^ IH), 4.67-4.63 (m, IH), 4.58 and 4.41 (d, J = 15 Hz, IH), 4.14 (br m), 4.08 and 3.96 (s, 

3H), 3.90 (m), 3.76-3.70 (m), 3.67-3.52 (m), 3.38 (br s), 3.42-3.21 (m), 3.16 (s), 2.86-2.73 (m, 2H), 2.48- 

2.33 (m, 2H), 2.06 (m), 1.86-1.77 (m, IH). 

25 Late isomer on normal phase silica (5 :2 mixture of conformers): 

IH NMR (400 MHz, CDCI3) 5 7.36 (d, J = 6.8 Hz, IH), 7.17 (m, IH), 7.13-7.09 (m, IH), 4.91 and 4.73 

(d, J = 14.7 Hz, IH), 4.70-4.64 (m, IH), 4.61 and 4.44 (d, J = 14.9 Hz, IH), 4.17 (br s), 4.10 and 3.99 (s, 
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3H), 3.92 (br m), 3.79-3.74 (m), 3.69-3.54 (m), 3.51 (br s), 3.42-3.24 (m), 3.18 (s), 2.89-2.75 (m, 2H), 
2.50-2.38 (m, 2H), 2.08 (brm), 1.88-1.73 (m, IH). 
(ES MS M+1 = 464.2) 

5 Step 2: 1 l-(3-Chloro-4-fluorobenzyl)-9-methoxy-2-methyl-5,642,13-tetrahydro- 

2H[l,4]diazocino[2,l-a]-2,6-naphthyridine-l,4,8,10(3H, 1 lH)-tetrone 
A mixture of ll-(3-chloro-4-fluorobenzyl)-4-hydroxy-9-methoxy-2-methyl-3,4,5,^ 
hexahydro-2H[l,4]diazocino[2J-a]-2,6-naphthyridine-l,8J0(llH)-tri^^^ (50 mg, 0.11 irnnol), molecular 
sieves (4A), N-methylmorpholine N-oxide (19 mg, 0,16 mmol), and tetra-n-propylammonium ruthenium 
10 tetroxide in dichloromethane was stirred at room temperature for two hrs. The mixture was filtered, and 
the filtrate concentrated under vacuum. The residue was subjected to column chromatography on silica 
gel eluting with 0-15% methanol in dichloromethane gradient. Collection and concentration of 
appropriate fractions provided the title compound. 

lHNMR(400 MHz, CDCI3) 5 7.37 (d, J = 6.2Hz, IH), 7.19 (m, IH), 7.11 (t, J= 8.5 Hz, IH), 4.80 (d, J 
15 = 14.1 Hz, IH), 4.74 (d, J = 15.2 Hz, IH), 4.62 (d, J = 14.6 Hz, IH), 4.15 (s, 3H), 4.10 (d, J = 15.4 Hz, 

IH), 3.66 (t, J = 13.2 Hz, IH), 3.52 (d, J = 15.0 Hz, IH), 3.45-3.36 (m, 2H), 3.1 1-3.04 (m, 4H), 2.94-2.90 
(m, IH), 2.79 (d, J = 18.9 Hz, IH), 2.48-2.45 (m, IH). (ES MS M+1 = 462.20) 

Step 3: ll-(3-Chloro-4-fluoroben2yl)-9-hydroxy-2-methyl-5,6,12,13-tetrahydro- 

20 2H[l,4]diazocino[2,l-a]-2,6-naphthyridine-l,4,8,10(3H, 1 lH)-tetrone 

A mixture of 1 l-(3-chloro-4-fluorobenzyl)-9-methoxy-2-methyl-5,6,12,13-tetraliydro- 

2H[l,4]diazocino[2,l-a]-2,6-naphthyridine-l,4,8,10(3H, 1 lH)-tetrone (25 mg, 0.05 mmol) and 33% 

hydrogen bromide in acetic acid (0.5 mL) in dioxane (1 mL) was stirred at room temperature for 1.5 

hour. The product mixture was concentrated under vacuum. The residue was dissolved in DMSO and 

25 subjected to reverse phase column chromatography on C-18 stationary phase eluted with a 95-5% water- 

acetonitrile gradient. Collection and lyophilization of appropriate fractions afforded the title compound. 
lHNMR(400MHz,CDCl3)6 13.47(s, IH), 7.38 (d, J = 6.0 Hz, IH), 7.19 (m,__lH), 7.12 (t, J = 8.2 Hz, 

IH), 5.56 (br s, IH), 4,94 (br m, IH), 4.23 (br m, 2H), 4.16-3.98 (m, 2H), 3.60 (br d, J = 8.1 Hz, IH), 
3.51 (br d, J - 10.2 Hz, IH), 3.24 (br signal, IH), 2.89 (s, 3H), 2.59 (br signal, IH). (ES MS M+1 = 
30 448.0) 
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EXAMPLE 26 

1 1^(3 -ChIoro-4-fluorobenzyl)-9-hydroxy-2-inethyl-4-pyrrolidin- 1 -yl-3,4,5,6, 1 2, 1 3 -hexaliydro- 
2H[1 ,4]diazocino[2, 1 -a]-2,6-naphthyridine-. 1 ,8, 1 0(1 lH)-trione 




O OH 



5 Step 1: ll-(3-Chloro-4-fluorobenzyI)-4-pyiTolidm-l-yl-9-methoxy-2-methyl^^ 

hexahydro-2H[ 1 ,4]dia20cmo [2, 1 -a]-2,6-naphthyridme- 1 ,8, 1 0( 1 1 H)-trione 
A mixture of ll-(3-chloro-4-fluoroben2yl)-9-methoxy-2-methyl-5,6,1243-tet^ 
2H[l,4]diazocmo[2,l-a]-2,6-naphthyridme-l,4,8,10(3H, llH)-tetrone (30 mg, 0.06 mmol), molecular 
sieves (4A)5 pyrrolidine (23 mg, 0.32 mmol), and acetic acid (4 mg) in dichloroethane (1 roL) was heated 
10 at 80 °C for four hrs. The mixture was cooled to room temperature, treated with sodium borohydride (12 
mg, 0.19 mmol), ai^d stirred at room temperature for 30 minutes. The product mixture was diluted witli 
dichloromethane, washed successively with aq sodium carbonate and brine. The organic extract was 
dried over anhydrous magnesium sulfate, filtered, and concentrated under vacuum to provide the title 
compound. This material was used in the following step without further purification. 
15 ES MS 517.3 

Step 2: 1 1 -(3 -Chloro-4-fluoroben2y l)-9-hydroxy-2-methyl-5 ,6, 1 2, 1 3-tetrahydro- 

2H[l,4]diazocino[2,l-a]-2,6-naphthyridine-l,4,8,10(3H, 1 lH)-tetrone 
A mixture of 1 l-(3-chloro-4-fluoroben2yl)-9-hydroxy-2-methyl-4-pyrrolidin-l-yl- 

20 3,4,5,6,12,13~hexahydro-2H[l,4]diazocino[2,l-a]^2,6-naphthyridine-l,8,10(l lH>trione (40 mg, 0.08 
mmol) and 33% hydrogen bromide in acetic acid (0.5 mL) in dioxane (1 mL) was stirred at room 
temperature for 1.5 hour. The product mixture was concentrated under vacuum. The residue was 
dissolved in DMSO and subjected to reverse phase colimm chromatography on C-18 stationary phase 
eluted with a 95-5% water-acetonitrile gradient. Collection and lyophilization of appropriate fractions 

25 afforded the title compound. 

1HNMR(400 MHz, CDCI3) 5 7.36 (d, J = 7,1 Hz, IH), 7,17 (m, IH), 7.13 (t, J - 8.4 Hz, IH), 4.84 (m, 

IH), 4.70 (d, J = 14.9 Hz, IH), 4.63 (d, J = 15.1 Hz, IH), 3,83 (m, IH), 3.74 (m, 2H), 3.58 (dd, J - 10 Hz, 
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IH), 3.48-3.43 (m, 4H), 3.14 (s, 2H), 3.05-2.94 (br m, 2H), 2.63-2.58 (m, IH), 2.40 (m, IH), 2.29-2.24 
(m, IH), 2.07 (br m, 3H). (ES MS M+1 = 503.2) 

EXAMPLE 27 

5 ll-(3-Chloro-4-fluoroben2yl)-9-hydroxy-2-methyl-4-morpholin-4-yl-3,^ 
2H[ 1 ,4]diazocmo[2, 1 -a]-2,6-naphthyridine- 1,8,10(1 lH)-trione 




O OH 



The title compound was prepared in a manner similar to that described in Example 26, 
substituting pyrrolidine with morpholine. ES MS M+1 = 518.99. 

10 

EXAMPLES 28 - 29 

ll-(3-Chloro-4-fluoroben2yl>9-hydroxy-2,6-dimethyl-3,4,5,6,12,13-hexahydro-2H 
2,6-naphthyridine- 1 ,8, 1 0( 1 lH)-trione 

H3C, 




O OH 

15 

Step 1: 5-(Methylamino)pentan-2-ol 

A mixture of y-valerolactone (5.0 g, 49.9 mmol) and methylamine.(75 mL, 2 M in 
methanol) in methanol (50 mL) was stirred at room temperature overnight. The product mixture was 
concentrated under vacuum. This intermediate methylamide was concentrated from benzene to remove 
20 residual methanol and was used in the following step without further purification. To a cold (0 *^C) 
solution of the above amide (2.0 g, 15.3 mmol) in anhydrous THF, a solution of lithium aluminum 
hydride (15.2 mL, 2M) in THF was added. The reaction mixture was stirred at room temperature for 30 
minutes, and heated at 65 °C overnight. The product mixture was cooled to 0 °C and treated successively 
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with water (1.2 mL), 15% aq sodium hydroxide (1.2 mL), and water (3.6 mL). The resultant suspension 
was diluted with ether, and filtered with a pad of Celite. The solid filtered was washed with methylene 
chloride. The organic filtrates were combined and concentrated under vacuum to provide the title 
compound. 

Step 2: 1 l-(3-Chloro-4-fluorobenzyl)-9-hydroxy-2,6-dimethyl-3 ,4,5,6, 12, 13-hexahydro- 

2H[ 1 ,4] diazocino [2, 1 -a]-2,6-naphthyridine- 1,8,10(11 H)-trione 
The title compounds were prepared in a manner similar to that described in Example 10, steps 5 
to 10, substituting N-[2-(ben2yloxy)ethyl]-4-{[rer^butyl(dimethyl)-silyy 5- 
(methylamino)pentan-2-ol, and ^er/-butyldimetliylsily chloride with /er^-bulyldiphenylsily chloride in 
step 5. Two sets of enantiomeric mixtures (atropisomeric at the exocyclic amide moiety and 
enantiomeric at the 6-metliyl position) were obtained with reverse phase HPLC on C-18 stationary phase 
after hydrogen bromide deprotection in step 10. 
Early isomer on reverse phase: 

IH NMR (400 MHz, CDCI3) 5 7.34 (d, J = 6.3 Hz, IH), 7.18 (br signal, IH), 7.13 (t, J = 8.6 Hz, IH), 
4.78 (d, J = 14.7 Hz, IH), 4.55 (d, J = 14.7 Hz, IH), 3.49-2.97 (m), 3.10 (s, 3H), 2.59-2.55 (m, IH), 2.03 
(br signal), 1.74 (br signal), 1.36 (d, J = 7.1 Hz, 3H). (ES MS exact mass M+1 = 448.1466) 
Late isomer on reverse phase: 

IH NMR (400 MHz, CDCI3) 5 7.34 (d, J = 6.5 Hz, IH), 7.18 (br signal, IH), 7.13 (t, J= 8.6 Hz, IH), 
4.78 (d, J = 14.7 Hz, IH), 4.55 (d, J = 14.7 Hz, IH), 4.05 (br t, J = 6.6 Hz, IH), 3.49-2.57 (m), 3.11 (s, 
3H), 1.81 (br signal), 1.72 (d, J = 6.6 Hz, 3H). (ES MS exact mass M+1 = 448.1457) 

EXAMPLES 30 - 36 

The compounds in the following table were prepared in accordance with the procedures 
set forth in Examples 1 1 and 29 using the appropriate aminoalcohol in place of 5-(methylamino)pentan- 
2-ol in Example 29. The amino heterocycles were incorporated in the manner described in Examples 16. 
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Example 


Compound 


30&31 


1 1 <3 -CWoro-4-fluorobenzyl)-9-hydroxy-2-(2-hydroxyethyl)-6-methy W 
hexahydro-2H[ 1 ,4]diazocino[2, 1 -a]-2,6-naphthyridme- 1,8,10(1 lH)-trione 

HO 

0 OH 
Early isomer on reverse phase: 

1H NMR (400 MHz, CDCI3) 5 7.35 (dd, J = 6.8, 1.8 Hz, IH), 7.198 (br signal, IH), 
7.13 (t, J = 8.6 Hz, IH), 5.72 (m, IH), 4.77 (d, J = 14.6 Hz, IH), 4,54 (d, J - 14.6 Hz, 
IH), 4.18 (m, IH), 3.92-3.78 (m, 2H), 3.50-2.92 (m), 2.55 (m, IH), 2.01-1.75 (br 
signals), 1.34 (d, J = 7.2 Hz, 3H). (ES MS exact mass M+1 = 478.1548) 

Late isomer on reverse phase: 

1h NMR (400 MHz, CDCI3) 6 7.35 (dd, J = 6.8, 1.6 Hz, IH), 7.19 (br signal, IH), 

7.12 (t, J = 8.6 Hz, IH), 4.78 (d, J = 14.6 Hz, IH), 4.54 (d, J = 14.6 Hz, IH), 4.18 - 
4.06 (m, 2H),4.04-3.78 (m, 2H), 3.51-3.00 (m), 2.78-2.56 (m), L83-L77 (br signals), 
1.71 (d, J = 6.7 Hz, 3H).. (ES MS exact mass M+1 = 478.1551) 


32 


ll-(3-Chloro-4-fluorobenzyl)-9-hydroxy-2-(2-morpholin-4-ylethyl)-6-methyl- 
3 ,4,5,6, 12, 1 3-hexahydro-2H[l,4]diazocino[2, l-a]-2,6-naphthyridine-l ,8, 10(1 IH)- 
trione 

N' — ^ 

0 OH 
(ES MS M+1 = 547.2) 




33 


ll-(3-Chloro-4-fluorobenzyl)-9-hydroxy-2-(2-piperidinyl-l-ylethyl)-6-methyl- 
3,4,5,6, 12, 1 3-hexahydro-2H[l ,4]diazocino[2, l-a]-2,6-naphthyridine-l,8,10(l IH)- 
trione 

^ — 

0 OH 
(ES MS M+1 = 545.2) 
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34 



1 1 -(3 -Chloro-4-fluoroben2yl)-9-hydroxy-2-(2-pyrrolidinyl- 1 -ylethyl)-6-methyl- 
3 ,4,5,6, 12, 1 3-hexahydro-2H[l,4]diazocino[2, l-a]-2,6-naphthyridine-l ,8, 1 0(1 IH)- 
trione 




O OH 

(ES MSM+l =531.2) 



35 



ll<3-CMoro-4-fluorobenzyl)-9-hydroxy-2-[2-(lH-pyrazoi-l-yl)ethyl]-6-methyl^ 
3,4,5,6, 12, 13-hexahydro-2H[l,4]diazocino[2, l-a]-2,6-naphthyridme-l,8, 10(1 1H> 
trione 




cr ^ "fT "T" ""^ 

O OH 

(ES MS M+1 528.2) 



36 



ll-(3-Chloro-4-fluorobenzyl)-9-hydroxy-2-[2-(lH-imidazol-l-yl)ethyl]-6-met^^^ 

3,4,5,6,12,13-hexahydro-2H[l,4]diazocino[2,l-a]-2,6-naphthyridine-l,8,10(ilH^^ 

trione 




O OH 
(ES MS M+1 = 528.2) 



EXAMPLES? 

nK3-Chloro-4-fluorobenzyl)-5,9-dihydroxy-2-metliyl-3,4,5,6,l^ 
2,6-naphthyridine-l, 8,10(1 lH)-trione 



-82- 



wo 2006/121831 



PCT/US2006/017369 



H3Q 




O OH 



The title compound was prepared in a manner similar to that described in Example 10, steps 6 to 
10, substituting N-[2-(ben2yloxy)ethyl]-4-{[/er/-butyl(dimethyl)-silyl]oxy}butan-l-amine with N-methyl- 
3-benzyloxy-4-hydroxybutan-l-amine in step 6. 

IHNMR (400 MHz, CDCI3) 8 7.34 (d, J = 6.8 Hz, IH), 7.18 (m, IH), 7.12 (t, J = 8.4 Hz, IH), 5,30 (s), 
4.78 (d, J= 14.7 Hz, IH), 4.71 (br d, 1 H), 4.54 (d, J= 14.7 Hz, IH), 4.08 (br signal, IH), 3.54-3.34 (m) 
3.20-2.98 (m), 3.13 (s, 3H). (ES MS M+1 = 450.2) 

EXAMPLE 38 

(4R)-ll-(3-Chloro-4-fluorobenzyl)-4,9-dihydroxy-2,5,5-trimethyl-3,4,5,6 
2H[l,4]diazocino[2,l-a]-2,6-naphthyridine-l,8,10(llH)-trione 




O OH 



Step 1 : (3R)-3-(Ben2yloxy)-4,4-dimethyldihydrofuran-2(3H)-one 

A mixture of D(-)-pantolactone (20.0 g, 153.7 mmol) and sodimn hydride (4.4 g, 184,4 
mmol) in anhydrous THF was stirred under an atmosphere of nitrogen at room temperature for 1 hour. 
The resultant mixture was treated with benzyl bromide (3 1,5 g, 184.4 mmol) and stirred at room 
temperature overnight. The product mbcture was treated with water and diluted with dichloromethane. 
The organic extract was washed with brine, dried over anhydrous magnesium sulfate, filtered, and 
concentrated under vacuum. The residue was subjected to purification on silica gel eluting with 0-5% 
metlianol in dichloromethane gradient. Collection and concentration of appropriate fractions provided 
the title compound. 
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iH NMR (400 MHz, CDCI3) S 139-1.29 (m, 5H), 5.03 (d, J = 12.1 Hz, IH), 4.75 (d, J = 12.1 Hz, IH), 
4.00 (d, J = 8.8 Hz, IH), 3.86 (d, J = 8.8 Hz, IH), 3.74 (s, IH), 1.14 (s, 3H), 1.10 (s, 3H). 

Step 2: (3R)-3-(Benzyloxy)-2,2-dimethyl-4-(methylainino)butan-l-ol 

The title compounds were prepared in a manner similar to that described in Examples 
28-29, step 1, substitutmg y-valerolactone with (3R)-3-(benzyloxy)-4,4-dimethyldihydrofiiran-2(3H)-one. 
iH NMR (400 MHz, CDCI3) 5 7.41-7.32 (m, 5H), 6.63 (br s, IH), 4.55 (d, J = 1 1.4 Hz, IH), 4.47 (d, J = 

1 1 .4 Hz, IH), 3 .79 (s, IH), 3 .48 (s, IH), 3 .43 (d, J = 1 1 .8 Hz, IH), 3 .37 (d, J = 1 1 .8 Hz, IH), 2.84 (d, J = 
5.0 Hz, 3 H), 1.06 (s, 3H), 0.85 (s, 3H). 

Step 3: (4R)- 1 l-(3-Chloro-4-£luorobenzyl)-4,9-dihydroxy-2,5 ,5-trimethyl-3 ,4,5 ,6, 12, 1 3- 

hexahydro-2H[l,4]dia2Ocino[2,l-a]-2,6-naphthyridine-l,8,10(llH)-trione 
The title compound was prepared in a maimer similar to that described in Example 10, 

steps 6, 8 to 10, substituting N-[2-(benzyloxy)ethyI]-4-{[/er/-butyI(dimethyl)-siIyl]oxy}butan-l-amine 

with (3R)-3-(benzyloxy)-2,2-dimethyl-4-(methylamino)butan-l-ol in step 6. 

IHNMR (400 MHz, CDCI3) 5 7.4 (dd, J = 1.6, 5.4 Hz, IH), 7.2 (m, IH), 7.13 (t, J = 8.4 Hz, IH), 4.84 
(d, J = 14.6 Hz, IH), 4.75 (d, J = 14.8 Hz, IH), 4.58 (d, J = 14.8 Hz, IH), 3.71 (dd, J = 15.0, 9.7 Hz, IH), 
3.44 (m), 3.19 (s, 3H), 3.19 (m), 3.03 (d, J = 15.0 Hz, 1 H), 2.94 (m, IH), 2.54 (m, IH), 1.22 (s, 3H), 0.93 
(s, 3H). (ES MS M+1 = 478.2) 

EXAMPLES 39-44 

The compoimds in the following table were prepared in accordance with the procedure 
set forth in Example 3 8 using the appropriate lactone in place of D(-)-pantolactone. 



Example 


Compound 


Data 


39 


(4S)-ll-(3-ChIoro-4-fluorobenzyl)-4,9-dihydroxy-2,5,5- 
trime1hyl-3A5,6,12,13-hexahydro-2H[l,4]diazocmo[2,l-a]-2,6- 
naph1:hyridine-l,8,10(l lH)-trione 

H3C. 

0 OH 

L-(-)-pantolactone 


(ES MS M+1 = 478.2) 
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40&41 


(4R/S)-ll-(3-Chloro-4-fluoroben2yl)-4,9-dihydro3Q'-2,5,5- 

naphthyridine-l,8,10(l lH)-trione 

H3C. 

0^ \.CH3 

0 OH 

(racemic D/L pantoyl lactone 


(ES MS M+1 = 478.2) 


42 


3,4,5,6,12,13-hexahydro-2H[l,4]diazocmo[2,l-a]-2,6- 
naphthyridine-l,8,10(l lH)-trione 

H3C. 

0==/ UcHa 
0 OH 




43 


r4R. 6SV1 l-r3-Chloro-4-fIuorobpn7vlV4 O-HilwHroYv-? 

dimethyl-3 ,4,5,6, 12, 13-hexahydro-2H[l,4]diazocino[2, l-a]-2,6- 
naphthyridine-1, 8,10(1 lH)-trione 

H3C 

0 OH 




44 


(4S, 6S)-1 l-(3-Chloro-4-fluoroben2yl)-4,9-dihydroxv-2,6- 
dimethyl-3,4,5,6,12,13-hexahydro-2H[l,4]diazocino[2,l-a]-2,6- 
naphthyridine-l,8,10(l lH)-trione 

H3C 

J) 

0 OH 


(ES MS M+1 = 464 V\ 



EXAMPLE 45 

ll-(3<:hloro-4-fluoroben2yl)-9-hydroxy-2,4,4-trimethyl-3,4,5,6J2a3-hexah^^ 
a] -2,6-naphthyridine- 1,8,10(11 H)-trione 
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O OH 



The title compound was prepared in a maimer similar to that described in Example 10, 
steps 6 to 10, substituting N-[2Kbenzylo3iy)ethyl]-4-{[ter^butyl(dimethyl)-silyl]o30'}butan-l-an^ 
4-{[/er?-bu1yl(diphenyl>silyl]oxy}-N,2,2-trimethylbutan-l-amine in step 6. 

IH NMR (400 MHz, CDCI3) 5 7.35 (dd, J = 1.6, 6.8 Hz, IH), 7.2 (m, IH), 7.13 (t, J = 8.6 Hz, IH), 4.79 
(d, J = 14.9 Hz, IH), 4.70 (m, 4H), 4.54 (d, J = 14.9 Hz, IH), 3.53 (m), 3.18 (s, 3H), 3.05-2.93 (m), 2.84 
(d, J = 15.2 Hz, 1 H), 2.56-2.48 (m), 1.85-1.66 (m), 1.12 (s, 3H), 0.89 (s, 3H). (ES MS exact mass M+1 
= 462.1600) 



EXAMPLE 46 

ll-(3-ChIoro-4-fluorobenzyl)-9-hydroxy-2,4-dimethyl-3,4,5,6,12,13-hexahydro-2H[l,4]diazocino[2,l-a]- 
2,6-naphthyridine-l,8,10(l lH)-trione 




The title compoimds were prepared in a manner similar to that described in Examples 28-29, 
substituting y-valerolactone with a-methyl-y-butyrolactone. 

IH NMR (400 MHz, CDCI3) 6 7.36 - 7.30 (m, IH), 7.21-7.18 (br signal, IH), 7.13 (t, J = 8.6 Hz, IH), 
4.80 (d, J = 14.6 Hz, IH), 4.80 (m), 4.53 (d, J = 14.6 Hz, IH), 3.50-2.53 (m), 3.11 (s, 3H), 2.18-1.53 (m), 
0.90 (d, J = 7.0 Hz, 3H). (ES-MS M+1 = 448.17) 



EXAMPLE 47 

(67?)-ll-(3-Chloro-4-fluorobenzyl)-9-hydroxy-6-(hydro5Q'methyl)-2-methyI-3,4,5,6,12,13-hexahydro-2if- 
[ 1 ,4]diazocino[2, 1 -a] -2,6-naphlhy ridine- 1,8,10(1 liO-trione 
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O OH 

Step 1: (25)- 1 -(Benzyloxy)-5-(methylamino)pen1:aa-2-ol 

The title compound was prepared in a manner similar to that described in Examples 28- 
29, step 1, substituting y-valerolactone with (5jS)-5-[(ben2yloxy)methyl]dihydrofuran-2(3i^)-one. (ES 
MS M+1 = 224.0). 

Step 2: 6-(3-Chloro-4-fluorobenzyl)-iV^[(4iS)-4,5-dihydroxypen1yl]-4-methoxy-i^^ 

dioxo-253,556,7,8-hexahydro-2,6-naphthyridine-l-carboxamide 

The title compound was prepared in a maimer similar to that described in Example 10, 
step 6, substituting N-[2-(ben2yloxy)-ethyl]-4-{[^^r/-butyl(dimethyl)silyl]oxy}butan-l-amine with (25)-l- 
(benzyloxy)-5-(methylamino)pentan-2-ol. (ES MS M+1 = 586.33) 

Step 3: (6i?)-6-[(Benzyloxy)methyl]- 1 l-(3-chloro-4-fluorobenzyl)-9-methoxy-2-methyl- 

3 ,4,5 ,6, 1 2, 1 3 -hexahydro-2//-[ 1 ,4] diazocino [2, 1 -a]-2,6-naphthyridine- 1,8,10(1 li?)-trione 
The title compound was prepared in a manner similar to that described in Example 10, 

steps 8 and 9, substituting N-[2-(ben2yloxy)ethyl]-N-(4-hydroxybutyl)-6-(3-chloro-4-fluorobenzyl)-4- 

methoxy-3,5-dioxo-2,3,5,6,7,8-hexahydro-2,6-naphthyridine-l-carboxamide with 6-(3-chloro-4- 

fluorobenzyl)-iV^[(4S)-4,5-dihydroxypentyl]-4-methoxy-iV^methyl-3,5-di 

naphthyridine-l-carboxamide in step 8. (ES MS M+1 = 568.3) 

Step 4: (6i?)- 1 1 -(3 -Chloro-4-fluorobenzyl)-9-hydroxy-6-(hydroxymethyl)-2-methyl- 

3,4,5,6,12,13-hexahydro-2/f-[l,4]diazocino[2,l-a]-2,6-naphthyridine-l,8,10(ll^-M^ 
A solution of (6i?)-6-[(ben2yloxy)methyl]-l l-(3-chloro-4-fluoroben2yl)-9-methoxy-2- 
methyl-3,4,5,6,12,13-hexahydro-2/f-[l,4]diazocino[2,l-a]-2,6-naphthyridine-l,8,10(lli^) 
mg, 0.29 mmol) in dichloromethane (2.9 mL) was cooled to 0 °C and treated with boron tribromide (295 
mg, 1.18 mmol). The cooling bath was removed and the mixture stirred at room temperature for 30 
minutes. The reaction was quenched by tlie addition of MeOH followed by 1 N aqueous HCL The 
mixture was diluted witli dichloromethane and washed with water. The organic layer was dried over 
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anliydrous magnesium sulfate, filtered and concentrated under vacuum. The residue was subjected to 
reverse phase colujcnn chromatography on C-18 stationary phase eluted with a 95-5% water-acetonitrile 
gradient. Collection and concentration of appropriate fractions afforded the title compound. 



1HNMR(400 MHz, CDCI3) 5 13.15 (br s, IH), 7.35 (d, J - 6.8 Hz, IH), 7.19 (m, IH), 7.13 (t, J = 8.5 
5 Hz, IH), 4.80 (d, J = 14.6 Hz, IH), 4.54 (d, J = 14.6 Hz, IH), 4.40-4.10 (br signal), 4.04-3.92 (m, 3H), 
3.8-3.6 (br m), 3.54-3.47 (m), 3.41-3.31 (m), 3.22-3.16 (m), 3.10 (s, 3H), 3.06-2.99 (m, IH), 2.61-2.54 
(m, IH), 2.25-2.15 (m, 2H), 1.85-1.80 (m, 2H), 1.26-1.14 (m). (ES MS M+1 - 464.3) 

EXAMPLE 48 

10 (6jR)-1 l-(4-Fluorobenzyl)-9-hydroxy-6-(hydroxymethyl)-2-methyl-3,4,5,6, 12, 13-hexaliydro-2Z/^^ 
[l,4]diazocino[2,l-a]-2,6-naphthyridine-l,8,10(l lii)-trione 



3,4,5,6,12,13-hexahydrO'2i?-[l,4]diazocino[2,l-a]-2,6-naphthyridine-l,8,10(l liO-trione (109 mg, 0.24 
15 mmol), 20% Pd(OH)2 on carbon (40 mg) and diisopropylethylamine (0.1 mL) in EtOH (2.4 mL) was 

stirred under hydrogen atmosphere for 20 hours. The reaction mixture was filtered through a Celite pad 
and the filtrate concentrated under vacuum to afford the title compound. 

iHNMR (400 MHz, CDCI3) 8 7.30-7 .28(m), 7.04 (t, J = 8.5 Hz, 2H), 4.80 (d, J = 14.6 Hz, IH), 4.59 (d, 
J - 14.6 Hz, IH), 4.06-4.04 (m, 2H), 3.95-3.92 (m, IH), 3.53-3.45 (m, IH), 3,40-3.28 (m, 2H), 3.22-3.17 
20 (m, IH), 3.04-2.97 (m, IH), 2.59-2.52 (m, IH), 2.23-2.21 (m, 2H), 1.81 (m, 2H). (ES MS M+1 = 430.2) 

EXAMPLE 49 

(6S)- 1 1 -(3 -Chloro-4-fluoroben2y l)-9-hydroxy-6-(hydroxymethy l)-2-methyl-3 ,4,5,6,12,13 -hexahydro-2i3'- 
[ 1 ,4] diazocino [2, 1 -a] -2, 6-naphthyridine- 1 , 8, 1 0( 1 li3)-trione 




A mixture of (6if)-l l-(3-chloro-4-fluoroben2yl)-9-hydroxy-6-(hydroxymethyl)-2-me1ixyl- 
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O OH 



The title compound was prepared in a manner similar to that described in Example 46 
and was isolated as a mixtwe of atropisomers. Further purification by reverse phase column 
clu-omatography on a CI 8 column (gradient elution with 70% H2O-CH3CN to 65% H2O-CH3CN over 30 
5 minutes, then isocratic elution with 65% H2O-CH3CN for 10 minutes) afforded the title compound as the 
less polar atropisomer. 

lHNMR(400 MHz, CDCI3) 5 13.11 (s, IH), 7.36-7.34 (m, IH), 7.21-7.10 (m, 2H), 4.78 (d, J = 14.7 Hz, 
IH), 4.55 (d, J= 14.7 Hz, IH), 4.01-3.90 (m, 3H), 3.54-3.42 (m, IH), 3.40-3.30 (m, 2H), 3.21-3.17 (m, 
IH), 3.09 (s, 3H), 3.06-3.00 (m, IH), 2.60-2.53 (m, IH), 2.23-2.15 (m, 2H), 1.84-1.80 (m, 2H). HRMS 
10 (ES M+1): found 464.1400; calculated 464.1383. 

The more polar isomer was also isolated from the mixture: 
iHNMR (400 MHz, CDCI3) 5 13.09 (s, IH), 7.36 (dd, J = 1.9, 6.8 Hz, IH), 7.22-7.10 (m, 2H), 5.68 (br 

s, IH), 4.82 (d, J = 14.8 Hz, IH), 4.52 (d, J = 14.8 Hz, IH), 3.72-3.66 (m, 2H), 3.53-3.46 (m, IH), 3.38- 
3.32 (m, 2H), 3.16-2.82 (m, 5H), 2.53-2.45 (m, IH), 2.05-2.01 (m, 2H), 1.78-1.69 (m, 2H). HRMS (ES 
15 M+1): found 464.1402; calculated 464.1383. 



EXAMPLE 50 

1 l-(3-chloro-4-fluoroben2yl)-9-hydroxy-2-methyl-6-methylene-3 ,4,5,6, 12, 13-hexahydro-2/Z'- 
[l,4]diazocino[2,l-a']-2,6-naphthyridine-l,8, 10(1 lH)-tnone 




O OH 



The title compound was generated during the boron tribromide-mediated deprotection of 
(65)-6-[(benzyloxy)metliyl]-ll-(3-chloro-4-fluorobenzyl)-9-methoxy-2-methyl-3,4,5,6,12,13-hexahydro- 
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2if-[l,4]diazocino[24--a]-2,6-naphthyridine-l,840(l lH)-tnone following the method described in 
Example 47, step 4 for deprotection of the corresponding {6R)-isomeT^ and was isolated by reverse phase 
column chromatography on C-18 stationary phase eluted with a 95-5% water-acetonitrile gradient. 
HRMS (ES M+1): found 446.1264; calculated 446.1277. 

5 

EXAMPLE 51 

2-[8-(3-Chloro-4-fluorobenzyl)-6-hydroxy-3,3-dimethyl-2,5,7-trioxo-2,3,7,8,9,^ 
a]-2,6-naphthyridin- 1 (5H)-yl]-N,N-dimethylacetamide 




10 Step 1: ^er/-Butyl [8-(3-Chloro-4-fluoroben2yl)-6-methoxy-3,3-dimethyl-2,5,7-trioxo- 

2,3,7,8,9, 1 0-hexahydroimidazo[2, 1 -a3-2,6-naphthyridin- 1 (5H)-yl]acetate 
A mixture of 8'-(3'Chloro-4-fluorobenzyl)-6-methoxy-l,8,9,10-tetrahydroimidazo[2,l-a]- 
2,6-naphthyridine-2,5,6(3H)-trione (1.00 g, 2.55 mmol; Example 8, step 5), sodium hydride (1 12 mg, 
60% dispersion; 2.81 mmol), tert-hntyl bromoacetate (0.55 g, 2.81 mmol) in anhydrous DMF (10 mL) 

1 5 was stirred at room temperature overnight. The reaction mixture was concentrated under vacuum. The 
residue was subject to column chromatography on silica gel. Collection and concentration of appropriate 
fractions provided the required alkylated intermediate. A mixture of the above material (0.49 g, 0.99 
mmol), sodimn hydride (71 mg, 60% dispersion; 2.96 mmol), iodomethane (0.42 g, 2.96 mmol) in. 
anhydrous DMF (10 mL) was stirred at room temperature overnight. The reaction mixture was 

20 concentrated under vacuum. The residue was subject to column chromatography on silica gel. 

Collection and concentration of appropriate fractions afforded the title compound. ES MS M+1 = 534.2 

Step 2: 2-[8-(3 -.Chloro'.4-fluoroben2yl)-6-hydroxy-3 ,3 -dmiethyl~2,5, 7-trioxo-2,3 , 7, 8,9, 1 0- 

hexahydroimidazo[2,l-a]-2,6-naphthyridin-l(5H)-yl]-N,N-dimethylacetamide 
25 A mixture of tert-hntyl [8-(3-Chloro-4-fluorobenzyl)-6-methoxy-"3,3-dimethyl-2,5,7- 

trioxO'-2,3,7,8,9,10-hexahydroimidazo[2,l-a]-2,6-naphtliyridin-l(5H)-yl]acetate (0.30 g, 0.56 mmol) and 
hydrogen chloride (2.8 mL, 4 M in dioxane) in dioxane (5 mL) was stirred at room temperature 
overnight. The reaction mixture was concentrated under vacuum. The residue was triturated with 
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diethyl ether and filtered to provide the title compound. This intermediate acid was used in the following 
step without further purification. A solution of the acid (40 mg, 0.08 nMnol), BOP (48 mg, 0.11 mmol), 
diisopropylethylamme (12 mg, 0.12 mmol) and dimethylamine (0.04 mL, 2M in THF) in DMF (0.5 mL) 
was stirred at room temperature overnight. The product mixture was concentrated under vacuum. The 
5 residue was subjected to colmnn chromatography on silica gel. Collection and concentration of 

appropriate fractions afforded the penultimate product This material (28 mg, 0.06 mmol) was treated 
with 33% hydrogen bromide in acetic acid (44 mg) in dioxane (1 mL) at room temperature for 1 .5 hour. 
The product mixture was concentrated under vacuum. The residue was dissolved in DMSO and 
subjected to reverse phase column chromatography on C-18 stationary phase eluted with a 95-5% water- 
10 acetonitrile gradient. Collection and lyophilization of appropriate fractions afforded the title compound. 
lHNMR(400 MHz, CDCI3) 5 7.33 (br d, J= 6.8 Hz, IH), 7.18 (br signal, IH), 7.13 (t, J= 8.4 Hz, IH), 

4.65 (s, 3 H), 4.63 (s, 3 H), 3.40 (br signal, 2H), 3.08 (s, 3H), 2.98 (s, 3 H), 2.73 (br signal, 2H), 1.84 (s, 
6H) (ES MS exact mass M+1 = 491.1570) 

15 EXAMPLES 52 - 53 

The compounds in the following table were prepared in accordance with the procedure 
set forth in Example 5 1 using the appropriate amine in place of dimethylamine. 



Example 


Compound 


Data 


52 


2-[8-(3-Chloro-4-fluorobenzyl)-6-hydroxy-3,3-dimethyl-2,5,7- 
trioxo-2,3 ,7,8,9, 1 0-hexahydroimidazo[2, l-a]-2,6-Baphthyridin- 
1 (5H)-yl]-N-methylacetamide 
(H3C)HN 0 

0 OH 


(ES MS exact mass 
M+1 -477.1343) 


53 


2-[8-(3-Chloro-4-fIuoroben2yl)-6-hydroxy-3,3-dimethyl-2,5,7- 
trioxo-2,3,7,8,9,10-hexahydroimidazo[2,l-a]-2,6-naphthyridm-- 
1 (5H)-yl]acetaniide 

H2N 0 

0 OH 


(ES MS exact mass 
M+1 =463.1179) 
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EXAMPLE 54 

8-(3-Chloro-4-fluoroben2yl)-6-hydroxy- 1 -(2-hydroxyethyl)-3,3-dimethyl- 1,8,9, 1 0-tetrahydroimidazo[2, 1 - 
a]-2,6-naphthyridme-2,5,7(3H)-trione 




The title compound was prepared in a manner similar to that described in Example 50, 
substituting tert-hutyl bromoacetate with 2-benzyloxyethylbromide in step 1 . 

IH NMR (400 MHz, CDCI3) 5 7.36 (dd, J- 6.8, 1.8 Ifa, IH), 7.20 (br signal, IH), 7.13 (t, J= 8.6 Hz, 
IH), 5.30 (s, 1 H), 4.68 (s, 2 H), 4.02 (t, J= 5.5 Hz, 2H), 3.87 (t, J= 5.5 Hz, 2H), 3.44 (t, J= 6.2 Hz, 
2H), 3.04 (t, J= 6.2 Hz, 2H), 1.79 (s, 6H) (ES MS exact mass M+1 = 450.1225) 



EXAMPLES 55 - 56 

The compounds in the following table were prepared in accordance with the procedure 
set forth in Example 55 using the appropriate benzyloxyalkyl bromide in place of 
2-benzyloxyethylbromide. 



Example 


Compound 


Data 


55 


8-(3 -Chloro-4-fluorobenz>4)-6-hydroxy- 1 -(3-hydroxypropyl)-3 ,3- 
dimethyl- 1,8,9, 1 0-tetrahydroimidazo[2, l-a]-2,6-naphthyridine- 
2,5,7(3H)-trione 

HO^\ 0 

0 OH 


(ES MS exact mass 
M+1 =464.1408) 
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8<3-Chloro-4-fluorobenzyl)-6-hy(koxy-l-(4-hydroxybutyl^^^ 
dimet±iyl-l,8,9J0-te1rahydroimidazo[24-a]~2,6-naphthy^^^ 

2,5,7(3H>trione 
HO^ 

O 



CI 



O OH 



(ES MS exact mass 
M+1 ^478.1548) 



EXAMPLE 57 

8-(3-Chloro-4-fluorobenzyl)-6-hy droxy- 1 -(2-.acety loxyethyl)-3 ,3 -dimethyl- 1 ,8,9, 1 0- 
tetrahydroimidazo[2,l-a]-2,6-naphthyridine-2,5,7(3H)-trione 




O OH 



The title compound was prepared in a manner similar to that described in Example 54, except 
33% hydrogen bromide in acetic acid was used in the final demethylation step. 

IHNMR (400 MHz, CDCI3) 5 7.35 (br d, J= 6.8 Hz, IH), 7.20 (br signal, IH), 7.14 (t, J= 8.4 Hz, IH), 
4.68 (s, 2 H), 4.27 (t, J= 5.5 Hz, 2H), 4.12 (t, J= 5.5 Hz, 2H), 3.49 (t, J= 6.2 Hz, 2H), 3.02 (t, J= 6.2 
10 Hz, 2H), 2.02 (s, 3 H), 1.80 (s, 6H) (ES MS exact mass M+1 - 492.1342) 

EXAMPLES 58-60 

The compounds in the following table were prepared in accordance with the procedure 
set fortli in Example 57 using the appropriate benayloxyalkyl bromide in-place of 
1 5 2-ben2yloxyethylbromide. 
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Example 



Compound 



Data 



58 



8-(3 -Cliloro-4-fluorobenzyl)-6-hydro3Q^- 1 -(3-acetyloxypropyl)- 
3,3-dimetliyl- 1 ,8,9, 1 0-tetrahydroimidazo[2, 1 -a]-2,6- 
naphthyridme-2,5,7(3H)-trione 

O 



(ES MS exact mass 
M+l= 506.1480) 




OH 



59 



8-(3-Chloro-4-fluoroben2yl)-6-hydroxy- 1 -(4-acetyloxybutyl)-3 ,3 

dimethyl-l,8,9,10-tetrahydroimidazo[2,l-a]-2,6-naphthyridme- 

2,5,7(3H)-trione 

CH3 



(ES MS exact mass 

M+1 =520.1645) 



OH 



60 



8-(3 -Chloro-4-fluoroben2yl)-6-hydroxy- 1 ,3 -bis(2--hydroxyethyl). 
3-methyl- 1 , 8,9, 1 0-tetrahydroimidazo[2, 1 -a]-2,6-naphthyridme- 
2,5,7(3H)-trione 

HQ 



(ES MS exact mass 
M+1 =480.1350) 




EXAMPLE 61 

ll-(3-Chloro-4-fluoroben2yI)-9-hydroxy-3,4,5,6,12,13-hexahydro-[l,4]oxazoc^^^ 
naphthyridine-l,8,10(l lH)-trione 




OH 
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A mixture of 6<3-chloro-4-fluoroben2yl)-3,4-dihydroxy-N,N-dimethyl-5 
telTaliydro-2,6-naphthyridme-l-carboxamide (0.80 g, 2.19 mmol; Example 1, step 9) and magnesium 
methoxide in methanol (10.6 mL, 6-10% methanol solution available jfrom Aldrich) in DMSO (22 mL) 
was heated at 60 °C for 30 minutes. Methanol was exhaustively removed under vacuum over 45 minutes. 
The residual DMSO solution was treated with l-bromo-4-chlorobutane (1.80 g, 10.50 mmol) and stirred 
at 60 °C under an atmosphere of nitrogen overnight. The reaction mixture was heated at 1 00 °C for 3 
hrs. The reaction mixture was treated with dilute HCl. The solid precipitated was filtered, dissolved in 
DMSO, and subjected to reverse phase HPLC purification. Collection and lyophization of appropriate 
JBractions provided the title compound. 

IH NMR (400 MHz, CDCI3) 5 13.4 (br s, IH), 7.38 (dd, J = 1.6, 6.6 Hz, IH), 7.20 (m, IH), 7.14 (t, J = 

8.6 Hz, IH), 4.68 (s, 2H), 4.26 (br signal, 2H), 3.46 (t, J = 6.4 Hz, 2H), 2.83 (br signal, 2H), 2.00 (br 
signal, 4H). (ES MS exact mass M+1 = 421.0966) 

EXAMPLE 62 

10-(3-Chloro-4-fluorobenzyl)-8-hydroxy-4,5,ll,12-tetrahydro-3H-[l,4]oxazepinoP 
naphthyridine- 1 ,7,9( 1 0H)-trione 




O OH 



The title compound was prepared in a manner similar to that described in Example 61, 
substituting l-bromo-4-chlorobutane with l-bromo-3-chloropropane. 

IH NMR (400 MHz, CDCI3) 5 13.78 (s, IH), 7.38 (dd, J = 2, 7 Hz, IH), 7.18 (m, IH), 7.14 (t, J = 8.6 
Hz, IH), 4.68 (s, 2H), 4.23 (t, J = 6 Hz, 2H), 3.45 (t, J = 6 Hz, 2H), 2.97 (t, J - 6 Hz, 2H), 2.23 (t, J = 6 
Hz,2H). (ES MS exact mass M+1 =407.0819) 

EXAMPLE 63 

9-(3-Chloro-4-fluorobenzyl)-74iydroxy-3-(acetyloxymethyl)-3,4,10,ll-tetrahydro[ 
naphthyridine-l,6,8(9H)-trione 
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O 




O OH 



Step 1: Methyl 2<allyl)-6-(3-chloro-4-fluorobenzyl)-4-hydroxy-3,5-d 

hexahydro-256-naphthyridme-l-carboxylate 

A mixture of 6-(3-chloro-4-fluoroben2yl)-3,4-dihydroxy-N,N-dimethyl-5-oxo-5,6 ^,8- 
5 tetrahydro-2,6-naphthyridine-l-carboxamide (3.99 & 10.51 mmol; Example 1, step 9) and magnesium 
methoxide in methanol (52.4 mL, 6-10% methanol solution available from Aldrich) in DMSO (100 mL) 
was heated at 60 ""C for 30 minutes. Methanol was exhaustively removed under vacuum over 45 minutes. 
The residual DMSO solution was treated with allyl bromide (3.810 g, 31.52 mmol) and stirred at room 
temperature under an atmosphere of nitrogen for overnight. The reaction mixture was treated dilute 
10 hydrochloric acid. The solid precipitated was filtered to provide the title compound. (ES MS M+1 = 
421.2) 

Step 2: Methyl 2-(ally l)-6-(3 -chloro-4-fluoroben2yl)-4-methoxy-3 , 5 -dioxo-2,3 ,5,6,7,8- 

hexahydro-2,6-naphthyridine- 1 -carboxj^late 

15 A mixture of methyl 2-(allyl)-6-(3-chloro-4-fluorobenzyl)-4-hydroxy-3,5-dioxo- 

2,3,5,6 J,8-hexahydro-2,6-naphthyridine-l-carboxylate (6.08 g, 14.92 mmol), cesium carbonate (6.08 g, 
18,65 mmol), and iodomethane (2.79 mL, 44.77 mmol) in DMF (20 mL) was heated at 40 °C overnight. 
The reaction mixture was filtered and concentrated under vacuum. The residue was subjected to column 
chromatography on silica gel. Collection and concentration of appropriate fractions provided the title 

20 compound. (ES MS M+1 == 435.2) 

Step 3: 9-(3-Chloro-4-fluorobenzyl)-3-(hyrdoxymethyl)-7-methoxy-3,4,10,l 1- 

tetrahydro[ 1 ,4] oxazino [3 ,4-a]-2,6-naphthyridine- 1 ,6, 8(9H)-trione 
A mixture of methyl 2-.(allyl)-6-(3-chloro-4-fluoroben2yl)-4-methoxy-3,5-dioxo- 
25 2,3,5,6,7,8-hexaliydro-2,6-naphthyridine-l-carboxylate (0.20 g, 0.46 mmol), N-methylmorpholine N- 
oxide (67 mg, 0.58 imnol), water (0.2 mL), and osmimn tetroxide (0.75 mL, 0.08 M in t-butanol) in 
acetone (1 mL) was stirred at room temperature overnight. The product mixture was concentrated under 
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vacuum. The residue was subjected to column chromatography on silica gel. Collection and 
concentration of appropriate fractions provided the title compound. 
(ES MS M+l = 437.2) 

5 Step 4: 9-(3-Chloro-4-fluorobenzyl)-7-hydroxy-3-(acetyloxymethyl)-3,4,10,l 1- 

tetraliydro[l,4]oxazino[3,4-a3-2,6-naphthyridine-l,6,8(9H)-trione 
A mixture of 9-(3-chloro-4-fluoroben2yl)-3-(hyrdoxymethyl)-7-methoxy-3,4,10,ll- 
tetrahydro[l,4]oxa2mo[3,4-a]-2,6-naphthyridine-l,6,8(9H)-trione (50 m& 0.11 mmol) and 33% hydrogen 
bromide in acetic acid (0.1 g) in acetic acid (1 mL) was stirred at room temperature for 30 minutes. The 
10 product mixture was concentrated under vacuum. The residue was dissolved in DMSO and subjected to 
reverse phase column chromatography on C-18 stationary phase eluted with a 95-5% water-acetonitrile 
gradient. Collection and lyophilization of appropriate fractions afforded the title compound. 
IH NMR (400 MHz, CDCI3) 6 7.60 (IH), 7.42 (IH), 7.38 (IH), 4.86 (IH), 4,71 (2H), 4.68 (IH), 4.34 

(2HX 3.82 (IH), 3.50 (2H), 3.20 (2HX 2.07 (3H). (ES MS exact mass M+1 - 465.0851) 

15 

EXAMPLE 64 

9-(3-Chloro-4-fluoroben2yl)-7"hydroxy-3-(hydroxymethyl)-3,4, 1 0, 1 l-tetrahydro[ 1 ,4]oxazino[3 ,4-a]-2,6- 
naphthyridine- 1 ,6,8(9H)-trione 




O OH 



20 A mixture of 9-(3-chloro-4-fluoroben2yl)-7-hydroxy-3-(ace1yloxymethyl)-3 ,4, 1 0, 1 1- 

tetrahydro[l,4]oxazino[3,4-a]-2,6-naphthyridine-l,6,8(9H)-trione (46 mg, 0.10 mmol) and 30% sodium 
methoxide in methanol (39 mg) in dioxane (1 .5 mL) was stirred at room temperature for 2 hours. The 
product mixture was concentrated under vacuum. The residue was dissolved in DMSO and subjected to 
reverse phase column chromatography on C-18 stationary phase eluted with a 95-5% water-acetonitrile 

25 gradient. Collection and lyophilization of appropriate fractions afforded the title compound. 

iHNMR (400 MHz, CDC13) 5 7.37 (dd, J = 6.8, 1.8 Hz, IH), 7.21 (br signal, IH), 7.15 (t, J - 8.6 Hz, 
IH), 4.89 (d, J = 14.6 Hz, IH), 4.69 (s, 2H), 4.03-3.82 (m, 4H), 3.47-3.30 (m, 5H), 2.29 (br s, 3H). (ES 
MS exact mass M+1 = 423.0754) 
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EXAMPLE 65 

Oral Compositions 

As a specific embodiment of an oral composition of a compound of this invention, 50 mg 
5 of compound of Example 1 is formulated with sufficient finely divided lactose to provide a total amount 
of 580 to 590 mg to fill a size 0 hard gelatin capsule. Encapsulated oral compositions containing any one 
of the compounds of Examples 2 to 64 can be similarly prepared. 

EXAMPLE 66 

10 HIV Integrase Assay: Strand Transfer Catalyzed by Recombinant Integrase 

Assays for the strand transfer activity of integrase were conducted in accordance with 

WO 02/30930 for recombinant integrase. Representative compounds of the present invention exhibit 

inhibition of strand transfer activity in this assay. For example, the compounds of Examples 1 to 64 were 
tested in the integrase assay and found to have IC50 values of less than about 1 micromolar. 

15 Further description on conducting the assay using preassembled complexes is foimd in 

Wolfe, A.L. et al., J: Virol 1996,70: 1424-1432, Hazudaetal., J. Virol 1997,71: 7005-7011; Ha^uda et 
al.. Drug Design arid Discovery 1997, 15: 17-24; and Hazuda et al.. Science 2000, 287; 646-650. 

EXAMPLE 67 

20 Assay for inhibition of HIV replication 

Assays for the inhibition of acute HIV infection of T-lymphoid cells were conducted in 

accordance with Vacca, J.P. et al., Proc. Natl Acad. Sci. USA 1994, 91: 4096. Representative 

compounds of the present invention exhibit inhibition of HIV replication in this assay (also referred to 

herein as the "spread assay"). For example, tlie compounds of Examples 1 to 64were tested in this assay 
25 and found to have IC95 values of less than about 10 micromolar. 

EXAMPLE 68 

Cytotoxicitv 

Cytotoxicity was determined by microscopic examination of the cells in each well in the 
30 spread assay, wherein a trained analyst observed each culture for any of the following morphological 
changes as compared to the control cultures: pH imbalance, cell abnormality, cj^ostatic, cytopatliic, or 
crystallization (i.e., the compound is not soluble or fonns crystals in the well). The toxicity value 
assigned to a given compound is the lowest concentration of the compound at which one of the above 
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changes is observed. Representative compounds of the present invention that v^ere tested in the spread 
assay (see Example 67) were examined for cytotoxicity up to a concentration of 10 micromolar, and no 
cytotoxicity was exhibited. In particular, the compounds set forth in Examples 1 to 64 exhibited no 
cytotoxicity at concentrations up to 10 micromolar . 

5 

While the foregoing specification teaches the principles of the present invention, with 
examples provided for tlie purpose of illustration, the practice of the invention encompasses all of the 
usual variations, adaptations and/or modifications that come within the scope of the following claims. 
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WHAT IS CLAIMED IS: 

1 . A compound of Fonnula I, or a pharmaceutically acceptable salt thereof: 




O OH (I) 

wherem: 

g 

bond " = " in the ring is a single bond or a double bond; 

Rl is C 1.6 alkyl, RJ or C 1-6 alkyl substituted with RJ wherein RJ is CycA, AiyA, HetA, or HetP; 
R2isHorCi.6allsyl; 

R3 is: 

(1) H, 

(2) halogen, 

(3) CN, 

(4) Ci_6 alkyl, 

(5) Ci_6 haloalkyi, 

(6) C 1 _6 alkyl substituted with OH, O-C i -6 alkyl, O-C i _6 haloalkyi, CN, N(RA)RB, 
C(0)N(RA)rB, C(0)RA CO2RA C(0)-N(RA)-Ci_6 alkylene-ORB with the proviso 

that the N(RA) moiety and the ORB moiety are not both attached to the same carbon of 
tlie C1.6 alkylene moiety, SRA S(0)RA SO2RA, S02N(RA)rB, n(RA)C(0)RB, 
N(RA)C02RB, N(RA)S02RB, N(RA)S02N(RA)RB, N(RA)C(0)N(RA)rB, or 
0C(0)N(RA)RB, 

(7) C(0)RA 

(8) CO2RA, 

(9) C(0)N(RA)rB, 
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( 1 0) C(0)-N(RA)-C 1 «6 alkylene-ORB with the proviso tliat the N(RA) moiety and the ORB 
moiety are not both attached to the same carbon of the Ci-6 alkylene moiety, 

(11) sra 

(12) S(0)RA 

(13) SO2RA, 

(14) S02N(RA)rB, 

(15) N(RA)rB^ 

(16) N(RA)C(0)RB, 

(17) N(RA)C(0)0RB; 

( 1 8) N(RA)C(0)N(RA)rB, 

( 1 9) N(RA)C(0)C(0)N(RA)rB, 

(20) N(RA)S02RB, 

(2 1 ) N(RA)S02N(RA)RB, 

(22) OC(0)N(RA)rB^ or 

(23 ) Y-RK, wherein: 

Y is a single bond, Ci-e alkylene, O, O-Ci-6 alkylene, C1.6 alkylene-O, C(0), 

C(0)-Ci.6 alkylene, Ci-6 alkylene-C(O), C(0)-Ci.6 alkylene-O, C(0)-Ci-6 
alkylene-O-Ci.6 alkylene, C(0)N(RA), C(0)N(RA)-Ci-6 alkylene, Ci-6 
alkylene~C(0)N(RA), Ci-6 alky lene-C(0)N(RA)-C 1-6 alkylene, S(0), S(0)2, S(0)-Ci-6 
alkylene, S(0)2-Ci.6 a%lene. Cue alkylene-S(O), or Ci-6 alkylene-S(0)2; and 
RK is CycB, AryB, HetB, or HetQ; 

or, as an alternative, when bond " =^ " is a double bond, R2 and R^ together with the carbon atoms to 
which each is attached form: 

(i) a benzene ring which is optionally substituted with a total of from 1 to 4 substituents 
wherein (a) from zero to 4 substituents are each independently one of substituents (1) to 
(25) as defined in part (i) of the definition of AryA and (b) from zero to 2 substituents 
are each independently one of the substituents (1) to (6) as defined in part (ii) of the 
definition of AryA, or 

(ii) a 5- or 6-membered heteroaromatic ring containing from 1 to 4 heteroatoms 
independently selected from N, O and S, wherein the heteroaromatic ring is optionally 
substituted with a total of from 1 to 3 substituents wherein (a) from zero to 3 substituents 
are each independently one of substituents (1) to (26) as defined in paii; (i) of the 
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definition of HetA and (b) from zero to 2 substituents are each independently one of the 
substituents (1) to (6) as defined in part (ii) of the definition of HetA; 



ring A is a 5- to 9-membered, saturated or mono-unsaturated heterocyclic ring containing in addition to 
5 the nitrogen shared with the naphthyridine ring from 1 to 3 heteroatoms independently selected from N, 
O, and S, wherein each S is optionally oxidized to S(0) or S(0)2; and wherein tlie saturated or mono- 
unsaturated heterocyclic rmg is optionally substituted with a total of from 1 to 10 substituents, wherein: 

(i) from zero to 10 substituents are each independently: 

(I) halogen, 
10 (2) Ci.6 alkyl, 

(3 ) C 1 -6 haloalkyl, 

(4) C 1 _6 alkyl substituted with OH, O-C i -6 alkyl, O-C i -6 haloalkyl, CN, N(RA)rB^ 
C(0)N(RA)RB, C(0)RA CO2RA C(0)-N(RA)-Ci.6 alkylene-ORB with the 

proviso that the N(RA) moiety and the ORB moiety are not both attached to the 
15 same carbon of the Ci_6 alkylene moiety, SRA, S(0)RA, SO2RA, 

S02N(RA)RB, N(RA)C(0)RB, N(RA)C02RB, N(RA)S02RB, 
N(RA)S02N(RA)rB, N(RA)C(0)N(RA)rB, OC(0)N(RA)rB^ or 0C(0)RA 

(5) 0-Ci_6 alkyl, 

(6) 0-Ci_6 haloalkyl, 

20 (7) 0x0, 

(8) =C(RA)rB, 

(9) C(0)N(RA)RB, 

(10) C(0)C(0)N(RA)RB, 

(II) C(0)RA 
25 (12) CO2RA, 

(13) SRA 

(14) S(0)RA,. 

(15) SO2RA, 

(16) S02N(RA)RB, or 

30 (17) OH, and 

(ii) from zero to 3 substituents are each Z-RL, wherein: 

each Z is independently a single bond, Ci-g alkylene, O, O-C 1-6 alkylene, Ci_6 
alkylene-O, C(0), C(0)-Ci.6 alkylene, C1.6 alkylexie-C(O), C(0)-Ci.6 alkylene-O, 
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C(0)-Ci.6 alkylene-0-Ci-.6 alkylene, C(0)N(RA), C(0)N(RA)-Ci.6 alkylene, Ci-6 
alkylene-C(0)N(RA), Ci.6 alkylene-C(0)N(RA)-Ci.6 alkylene, S(0), S(0)2, S(0)-Ci-6 
alkylene, S(0)2-Ci-6 alkylene, Ci-6 alkylene-S(O), or Ci-6 alkylene-S(0)2; and 
each rL is independently CycC, AryC, HetC, or HetR; 

each RA is independently H or Ci-6 alkyl; 
each RB is independently H or Ci-6 alkyl; 

CycA is a C3-8 cycloalkyl which is optionally substituted with a total of from 1 to 6 substituents, 
wherein: 

(i) from zero to 6 substituents are each independently: 

(1) halogen, 

(2) CN 

(3) C 1.6 alkyl, 

(4) OH, 

(5) O-Ci-6 alkyl, 

(6) Ci^6 haloalkyl, or 

(7) O-C 1 -6 haloalkyl, and 

(ii) from zero to 2 substituents are each independently: 
(1) CycD, 

' (2) AryD, 

(3) HetD, 

(4) HetZ,' 

(5) Ci-6 alkyl substituted with CycD, AryD, HetD, or HetZ, or 

(6) C(0)-HetZ or C(0)C(0>HetZ; 

CycB independently has the same definition as CycA; 
each CycC independently has the same definition as CycA; 

AryA is an aryl which is optionally substituted with a total of from 1 to 5 substituents, wherein: 
(i) from zero to 5 substituents are each independently: 
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(1) Ci_6 alkyl, 

(2) Ci_6 alliyl substituted with OH, O-Ci.6 alkyl, O-Ci.6 haloall^l, CN, NO2, 
N(RA)RB, C(0)N(RA)RB, C(0)RA, CO2RA, SRA S(0)RA SO2RA, 
S02N(RA)rB, N(RA)C(0)RB, N(RA)C02RB, N(RA)S02RB, 
N(RA)S02N(RA)rB, OC(0)N(RA)rB, N(RA)C(0)N(RA)RB, or 

N(RA)C(0)C(0)N(RA)RB, 



(3) 


0-Ci_6 alkyl. 


(4) 


Ci-6 haloalkyl. 


(5) 


O-Ci-6 haloalkyi. 


(6) 


OH, 


(7) 


halogen. 


(8) 


CN, 


(9) 


NO2, 


(10) 


N(RA)RB^ 


(11) 


C(0)N(RA)RB^ 


(12) 


C(0)RA 


(13) 


C(0)-Ci.6 haloalkyi, 


(14) 


C(0)0RA, 


(15) 


OC(0)N(RA)rB, 


(16) 


sra. 


(17) 


S(0)RA, 


(18) 


SO2RA 


(19) 


S02N(RA)RB, 


(20) 


N(RA)S02RB, 


(21) 


N(RA)S02N(RA)RB, 


(22) 


N(RA)C(0)RB, 


(23) 


N(RA)C(0)N(RA)rB, 


(24) 


NCRA)C(0)C(0)N(RA)RB, or 


(25) 


N(RA)C02RB, and 



(ii) from zero to 2 substituents are each independently: 

(1) CycD, 

(2) AiyD, 

(3) HetD, 
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(4) HetZ, 

(5) Ci_6 alkyl substituted with CycD, AryD, HetD, or HetZ, or 

(6) C(0)-HetZ or C(0)C(0)-HetZ; 

AryB independently has the same definition as AiyA; 
each AryC independently has the same definition as AryA; 

HetA is a heteroaryl which is optionally substituted with a total of from 1 to 5 substituents, wherein: 
(i) from zero to 5 substituents are each independently: 

(1) Ci.6 alkyl 

(2) Ci-6 alkyl substituted with OH, O-Ci-6 alkyl, O-Ci-6 haloalkyl, CN, NO2, 
N(RA)rB^ C(0)N(RA)rB^ C(0)RA CO2RA SRA S(0)RA SO2RA 

S02N(RA)rB^ N(RA)C(0)RB, N(RA)C02RB, N(RA)S02RB, 
N(RA)S02N(RA)rB, OC(0)N(RA)rB^ N(RA)C(0)N(RA)rB^ or 

N(RA)C(0)C(0)N(RA)rB, 

(3) O-Ci-e alkyl, 

(4) Ci-6lialoalkyl, 

(5) O-C1.6 haloalkyl, 

(6) OH, 

(7) 0x0, 

(8) halogen, 

(9) CN, 

(10) NO2, 

(1 1) N(RA)RB, 

(12) C(0)N(RA)rB, 

(13) C(0)RA, 

(14) C(0)-Ci.6 haloalkyl, 

(15) C(0)0RA, 

(16) OC(0)N(RA)rB, 

(17) SRA, 

(18) S(0)RA 

(19) SO2RA 
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(20) S02N(RA)rB^ 

(21) N(RA)S02RB, 

(22) N(RA)S02N(RA)RB^ 

(23) N(RA)C(0)RB, 

5 (24) N(RA)C(0)N(RA)rB, 

(25) N(RA)C(0)C(0)N(RA)RB^ or 

(26) N(RA)C02RB, and 

(ii) from zero to 2 substituents are each independently: 
(1) CycD, 
10 (2) AiyD, 

(3) HetD, 

(4) HetZ, 

(5) Ci-6 alkyl substituted with CycD, AryD, HetD, or HetZ, or 

(6) C(0)-HetZ or C(0)C(0)-HetZ; 

15 

HetB independently has the same definition as HetA; 
each HetC independently has the same definition as HetA; 

20 HetP is (i) a 4- to 7-membered, saturated or mono-unsaturated heterocyclic ring containing at least one 

carbon atom and from 1 to 4 heteroatoms independently selected from N, O and S, where each S is 
optionally oxidized to S(0) or S(0)2 or (ii) a 6- to 10-membered saturated or mono-unsaturated, bridged 

or fused heterobicyclic ring containing from 1 to 4 heteroatoms independently selected from O and S, 
where each S is optionally oxidized to S(0) or S(0)2; and wherein the saturated or mono-unsaturated 

25 heterocyclic or heterobicyclic ring is optionally substituted with a total of from 1 to 4 substituents, 
wherein: 

(i) from zero to 4 substituents are each independently halogen, Ci_6 alkyl, Ci-6 haloalkyl, 
O-Ci.6 alkyl, O-Ci^e haloalkyl, oxo, C(0)N(RA)rB^ C(0)C(0)N(RA)rB, C(0)RA 
CO2RA SRA S(0)RA SO2RA, or S02N(RA)rB^ and 
30 (ii) from zero to 2 substituents are each independently CycD, AryD, HetD, or Ci_6 alkyl 

substituted witli CycD, AryD, HetD; 

HetQ mdependently has the same definition as HetP; 
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each HetR independently has the same definition as HetP; 

each CycD is independently a C3.8 cycloalkyi which is optionally substituted with from 1 to 4 
substituents each of which is independently halogen, Ci-6 alkyl, OH, O-Ci-6 alkyl, or Ci^e haloalkyl; 

each AryD is independently phenyl or naphthyl, wherein the phenyl or naphthyl is optionally substituted 
with from 1 to 5 substituents each of which is independently any one of the substituents (1) to (25) as set 
forth above in part (i) of the definition of AryA; 

each HetD is independently a 5- or 6-membered heteroaromatic ring containing from 1 to 4 heteroatoms 
independently selected from N, O and S, wherein the heteroaromatic ring is optionally substituted with 
from 1 to 4 substituents each of which is independently any one of the substituents (1) to (26) as set forth 
above in part (i) of the definition of HetA; 

each HetZ is independently a 4- to 7-membered, saturated or mono-unsaturated heterocyclic ring 
containing at least one carbon atom and from 1 to 4 heteroatoms independently selected from N, O and S, 
where each S is optionally oxidized to S(0) or S(0)2, wherein the saturated or mono-unsaturated 

heterocyclic ring is optionally substituted with from 1 to 4 substituents each of which is independently 
halogen, Ci-6 alkyl, Ci-6 haloalkyl, O-Ci-6 alkyl, O-C1.6 haloalkyl, 0x0, C(0)N(RA)rB^ 
C(0)C(0)N(RA)rB, C(0)RA CO2RA SRA S(0)RA SO2RA or S02N(RA)rB; 

each aryl is independently (i) phenyl, (ii) a 9- or 10-membered bicyclic, ftised carbocyclic ring system in 
which at least one ring is aromatic, or (iii) an 1 1- to 14-membered tricyclic, ftised carbocyclic ring system 
in which at least one ring is aromatic; and 

each heteroaryl is independently (i) a 5- or 6-membered heteroaromatic ring contaming from I to 4 
heteroatoms independently selected from N, O and S, wherein each N is optionally in the fonn of an 
oxide, or (ii) a 9- or 10-membered bicyclic, ftised ring system containing from 1 to 4 heteroatoms 
independently selected from N, O and S, wherein either one or both of the rings contain one or more of 
tlie heteroatoms, at least one ring is aromatic, each N is optionally m the form of an oxide, and each S in 
a ring which is not aromatic is optionally S(0) or S(0)2. 
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2. A compound according to claim 1, or a pharmaceutically acceptable salt thereof, 

wherein ring A is a 5- to 9-membered, saturated or mono-imsaturated heterocyclic ring containing in 

addition to the nitrogen shared with the naphthyridine ring from 1 to 3 heteroatoms independently 
selected from N, O, and S, wherein each S is optionally oxidized to S(0) or S(0)2; and wherein the 

saturated or mono-unsaturated heterocyclic ring is optionally substituted with a total of from 1 to 6 
substituents, wherein: 

(i) from zero to 6 substituents are each independently: 

(1) halogen, 

(2) Ci.6 alkyl, 

(3) Ci-6 haloalkyl, 

(4) Ci.6 alkyl substituted with OH, 0-Ci_6 alkyl, 0-Ci_6 haloalkyl, CN, N(RA)rB, 
C(0)N(RA)rB, C(0)RA, CO2RA, C(0)-N(RA)-Ci.6 alkylene-ORB with the 

proviso that the N(RA) moiety and the ORB moiely are not both attached to the 
same carbon of the Ci_6 alkylene moiety, SRA, S(0)RA, SO2RA, 
S02N(RA)rB, N(RA)C(0)RB, N(RA)C02RB, N(RA)S02RB, 
N(RA)S02N(RA)rB, N(RA)C(0)N(RA)rB, or OC(0)N(RA)rB, 

(5) O-C1.6 alkyl, 

(6) O-C1.6 haloalkyl, 

(7) 0x0, 

(8) =C(RA)rB, 

(9) C(0)N(RA)RB, 

(10) C(0)C(0)N(RA)RB, 

(1 1) C(0)RA 

(12) CO2RA, 

(13) SRA 

(14) S(0)RA 

(15) S02RA,or 

(16) S02N(RA)RB^ and 

(ii) from zero to 2 substituents are each Z-RL, wherein: 

each Z is independently a single bond, Ci_6 alkylene, O, 0-Ci_6 alkylene, Ci_6 
alkylene-O, C(0), C(0)-Ci_6 alkylene, Ci-e aUQ'lene-C(O), C(0)-Cl.6 alkylene-O, 
C(0)-Ci.6 alkylene-0-Ci_6 alkylene, C(0)N(RA), C(0)N(RA)-Ci-6 alkylene, Ci_6 
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alkylene-C(0)N(RA), Ci.6 alkylene-C(0)N(RA>Ci.6 alkylene, S(0), S(0)2, S(0)-Ci-6 
alkylene, S(0)2-Ci-6 alkylene, Ci-6 alkylene-S(O), or Ci-6 alkylene-S(0)2; and 
each RL is independently CycC, AiyC, HetC, or HetR. 

3. A compound according to claim 1 or claim 2, or a pharmaceutically acceptable 
salt thereof, wherem R1 is C 1-6 alkyl substituted with RJ. 

4. A compound according to claim 3, or a pharmaceutically acceptable salt thereof, 
wherein RJ is AryA or HetA. 

5. A compound according to claim 1 or claim 2, or a pharmaceutically acceptable 
salt thereof, wherein: 

R2 is H or C 1-6 alkyl; and 

R3 is H, C1-.6 alkyl, C(0)N(RA)rB, S02N(RA)RB, or Ci-e alkyl substituted with C(0)N(RA)rB or 
S02N(RA)RB. 

6. A compound according to claim 1, or a pharmaceutically acceptable salt thereof, 
wherein the compound is a compoimd of Formula Ha or lib: 



R4 




(Ha) 




(Hb) 



wherein n is an integer equal to zero, 1, 2, or 3; 



W is O or N-R8; 



R4is: 



(1) 
(2) 



Ci-6 alkyl, or 
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(3 ) C 1 >6 alkyl substituted with OH or 0C(0)RA; 

each R5 is independently: 

(1) H, 

(2) Ci-6 alkyl, 

(3) Ci-6 allQ^l subsituted with OH, 

(4) OH, or 

(5) -RL; 

each r9 is independently H or Ci-6 alkyl; 

alternatively, R5 and R9 attached to the same ring carbon atom together form oxo or =C(RA)rB; 
R6 and R7 are each independently H, Ci-6 alkyl, or Ci^6 alkyl substituted with OH; and 

R8 is: 

(1) H, 

(2) Ci-e alkyl, 

(3) Ci.6haloalkyl, 

(4) Ci-6 alkyl substituted with OH, O-Ci.6 alkyl, N(RA)RB^ C(0)N(RA)rB^ C(0)RA 
CO2RA, C(0)-N(RA)-Ci.6 alkylene-ORB with the proviso that the N(RA) moiety and 
the ORB moiely are not both attached to the same carbon of the Ci-6 alkylene moiety, 
S(0)RA SO2RA, S02N(RA)rB, N(RA)C(0)RB, N(RA)S02RB, or 0C(0)RA or 

(5) Z-RL. 

7. A compound according to claim 6, or a pharmaceutically acceptable salt 
thereof, wherein Rl is: 
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the asterisk * denotes the point of attachment of Rl to the rest of the compound; Vl and V2 are each 
independently: 





(1) 


H, 




(2) 


1-f 1 

Ci_4 alkyl. 


5 


(3) 


OH, 




(4) 


O-Ci-4 alkyl. 




(5) 


Ci-4 haloalkyl. 




(6) 


O-Ci-4 haloalkyl. 




(7) 


halogen. 


10 


(8) 


CN, 




(9) 


N(RA)rB^ 




(10) 


C(0)N(RA)RB, 




(11) 


C(0)RA, 




(12) 


C(0)0RA 


15 


(13) 


sra. 




(14) 


S(0)RA 




(15) 


S02RA, 




(16) 


N(RA)S02RB, 




(17) 


N(RA)S02N(RA)rB, 


20 


(18) 


N(RA)C(0)RB, 




(19) 


N(RA)C(0)C(0)N(RA)rB, 




(20) 


HetD, 




(21) 


HetZ, or 




(22) 


C(0)-HetZ, 


25 




wherein 



HetD is a 5- or 6-membered heteroaromatic ring containing a total of from 1 to 3 

heteroatoms independently selected from 1 to 3 N atoms, from zero to 1 O atom, and 

from zero to 1 S atom, wherein the heteroaromatic ring is optionally substituted with 1 or 
2 substituents each of which is independently C1-4 alkyl, OH, O-Ci-4 alkyl, halogen, 
30 CN, C(0)N(RA)rB, C(0)RA C(0)0RA or SO2RA 

HetZ is a 5- or 6-membered saturated heterocyclic ring containing a total of from 

1 to 2 heteroatoms selected from 1 to 2 N atoms, zero to 1 O atom, and zero to 1 S atom, 
wherein the S atom is optionally S(0) or SO2, wherein the saturated heterocyclic ring is 
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optionally substituted with from 1 to 2 substituents each of which is independently Ci^ 
alky], oxo, C(0)N(RA)rB, C(0)RA CO2RA or SO2RA, 

and with the proviso tliat when HetZ is attached to the rest of the compound via 
the C(0) moiety, then HetZ is attached to the C(0) via a ring N atom; 

or alternatively Vl and V2 are respectively located on adjacent carbons in the phenyl ring and together 
form methylenedioxy or ethylenedioxy; and 

V3 is: 



(1) 


H5 


(2) 


C1.4 alkyl. 


(3) 


0-Ci_4 alkyl. 


(4) 


Ci_4 haloalkyl. 


(5) 


O-Ci-4 haloalkyl, or 


(6) 


halogen. 



8. A compound according to claim 7, or a pharmaceutically acceptable salt thereof, 
wherein the compound is selected from the group consisting of: 




wherein: 
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R2 and R3 are each independently H or Ci_4 alkyl; 



R4is: 



5 



(1) 

(2) 



Ci_4 alkyL, or 



(3) Ci^ alkyl substituted with OH or 0C(0)RA; 
R5a is H, Ci^ alkyl, OH or -HetR; 
10 R9a is H or Ci^ allsyl; 

alternatively, R5a and R9a together form oxo; 
R5b is H, Ci^ alkyl, or OH; 

15 

R9bisHorCi_4alkyl; 

r5c is H, Ci.4 alkyl, or Ci^ alkyl substituted with OH; 
20 R9c is H or C 1 .4 alkyl; 

alternatively, R5c and R9c together form =CH2; 

with the proviso that when one of R5a, R5b and R5c is other than H or Ci_4 alkyl, then the other two of 
25 R5a,R5bandR5cisHorCi_4alkyl; 

one of R6 and R^ is H, Ci_4 alkyl, or Ci_4 alkyl substituted with OH, and the other of R6 and R7 is H or 
C1.4 alkyl; 

30 R8 is: 



(1) 
(2) 

(3) 



Ci-4 alley 1, 
Ci-4 haloallcyl. 
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(4) Ci-4 alkyl substituted with OH, O-C1-4 alkyl, N(RA)rB^ C(0)N(RA)RB, C(0)RA 



CO2RA S(0)RA SO2RA S02N(RA)RB, N(RA)C(0)RB, N(RA)S02RB, or 



5 



0C(0)RA 

(5) Ci-4 alkylene-HetC, or 

(6) C 1 .4 alky lene-HetR; 



HetC is a 5- or 6-membered heteroaromatic ring containing a total of jfrom 1 to 3 heteroatoms 
independently selected from 1 to 3 N atoms, from zero to 1 O atom, and from zero to 1 S atom, wherein 
the heteroaromatic ring is optionally substituted with 1 or 2 substituents each of which is independently 
10 C1.4 alkyl, OH, O-C1-4 alkyl, halogen, CN, C(0)N(RA)rB^ C(0)RA C(0)0RA or SO2RA; 

HetR is a 5- or 6-membered saturated heterocyclic ring containing a total of from 1 to 2 heteroatoms 

selected from 1 to 2 N atoms, zero to 1 O atom, and zero to 1 S atom, wherein the S atom is optionally 
S(0) or SO2, wherein the saturated heterocyclic ring is optionally substituted with from 1 to 2 
15 substituents each of which is independently C1.4 alkyl, 0x0, C(0)N(RA)rB, C(0)RA, CO2RA, or 
SO2RA; 

each RA is independently H or C1-4 alkyl; and 
20 each RB is independently H or C1-4 alkyl. 



A compound according to claim 8, or a pharmaceutically acceptable salt thereof. 



wherein: 



25 



bond 



" in the ring is a single bond; 



R2 and r3 are each independently H or CH3; 



R4is: 



30 



(1) 
(2) 

(3) 

(4) 



H, 

CH3, 

CH2CH3, 

CH2CH2CH3, 
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(5) CH(CH3)2, 

(3) (CH2)l-3-OH, or 

(4) (CH2)1-3-0C(0)RA; 

5 R5a is H, CH3, CH2CH3, CH2CH2CH3, CH(CH3)2, OH or -HetR; 
R9a is H, CH3, CH2CH3, CH2CH2CH3, or CH(CH3)2; 
alternatively, R5a and R9a together form 0x0; 



R5b is H, CH3, CH2CH3, CH2CH2CH3, CH(CH3)2, or OH; 
R9b is H, CH3. CH2CH3, CH2CH2CH3, or CH(CH3)2; 
15 r5c is H, CH3, CH2CH3, CH2CH2CH3, CH(CH3)2, or (CH2)l-3-OH; 
R9c is H, CH3, CH2CH3, CH2CH2CH3, or CH(CH3)2; 
alternatively, R5c and R9c together form =CH2; 

20 

with the proviso that when one of R5a, R5b and R5c is other than H, CH3, CH2CH3, CH2CH2CH3, or 
CH(CH3)2, then the other two of R5a R5b and R5c is H, CH3, CH2CH3, CH2CH2CH3, or CH(CH3)2; 

one of R6 and R7 is H, CH3, CH2CH3, CH2CH2CH3, CH(CH3)2 or (CH2)l-3-OH, and the other of R6 
25 and R7 is H or CH3; 

R8is: 

(1) H, 

(2) CH3, 

30 (3) CH2CH3, 



10 



(4) 
(5) 
(6) 



CH2CH2CH3, 

CH(CH3)2, 
CH2CH2CH2CH3, 
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(7) C(CH3)3, 

(8) CH2CH(CH3)2, 

(9) CH(CH3)CH2CH3, 

(10) CF3, 

(1 1) CH2CF3, 

(12) (CH2)2-4-U, wherein U is OH, OCH3, N(RA)RB, N(RA)C(0)RB, N(RA)S02RB, or 
0C(0)RA 

(13) (CH2)1-4-V, wherein V is C(0)N(RA)rB, C(0)RA CO2RA, S(0)RA SO2RA, or 
S02N(RA)rB, 

(14) (CH2)2-4-HetC, or 

(15) (CH2)2-4-HetI^ 

HetC is a 5-membered heteroaromatic ring selected from the group consisting of: 

N==\ ^\ p»N 




, and 



HetR is a 5- or 6-membered saturated heterocyclic ring selected from the group consisting of: 
./N-V ^/N^ ^^N^ *^N.^Q ^^N 

9 9 9 9 





*■ 




, and 




the asterisk * in HetC and HetR denotes the point of attachment to the rest of the molecule; 
each RA is independently H or CH3; 

each RB is independently H or CH3; 
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Vl and V2 are each independently: 



(1) 




(2) 


CH3, 


(3) 


CF3, 


(4) 


OH, 


(5) 


OCH3, 


(6) 


CI, Br, or F, 


(7) 


CN, 


(8) 


C(0)NH2, 


(9) 


C(0)NH(CH3), 


(10) 


C(0)N(CH3)2, or 


(11) 


SO2CH3; and 



15 V3 is H, CI, Br, F, CH3, or OCH3. 

1 0. The compound according to claim 1 , or a pharmaceutically acceptable salt 
thereof, which is a compound selected from the group consisting of: 

ll-(3-chloro-4-fluoroben2yl)-9-hydroxy-2-methyl-3,4,5,6,12,13-hexahydro 
20 diazocino[2, 1 -a]-2,6-naphthyridine- 1 ,8, 1 0( 1 lH)-trione; 

1 l-(4-fluoroben2yl)-9-hydroxy-2-methyl-3,4,5,6, 12, 13-hexahydro-2H[l,4]diazocino[2, 1- 
a]-2,6-naphthyridine-l,8, 1 0( 1 lH)-trione; 

10-(3-chloro-4-fluorobenzyl)-8-hydroxy-2-methyl-2,3,4,5,ll,12-hexahydro-[l,4]- 
diazepino[2, 1 -a]-2,6-naphthyridine- 1 , 7,9( 1 OH)-trione; 

25 10-(3-chloro-4-fluorobenzyl)-8-.hydroxy-2,3,4,5,ll,12-hexahydro[l,4]diazepino[2,l-a]- 
2,6-naphthyridine- 1 ,7,9( 1 OH)-trione; 

9-(3-chloro-4-fluorobenzyl)-7-hydroxy-3,4, 1 0, 1 l-tetrahydro-2-H-pyrazino[2, 1 -a]-2,6- 
naphthyridine- 1 ,6, 8(9H)-trione; 

9~(3 -chloro-4~fluorobenzyl)-7-hydroxy-2-methy 1-3 ,4,10,11 -tetrahydro-2H-pyrazino [2, 1 - 
30 a]-2,6-naphtliyridine-l,6,8(9H)-trione; 

9-(3-chloro-4-fluorobenzyl)-7-hydroxy-3 ,4, 1 0, 1 1 -tetrahydro[ 1 ,4]oxazino[3 ,4-a]-2,6- 
naphthyridine- 1 ,6,8(9H)-trione; 
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8-(3 -chloro-4-fluoroben2yl)-6-hydroxy- 1 ,3 -dimethyl- 1,8,9,1 0-tetrahydroimidazo [2, 1 -a] - 
2,6-naphthyridine-2,5,7(3H)-trione; and 

8-(3 -chloro-4-fliioroben2yl)-6-hydroxy- 1,3,3 -trimethyl- 1,8,9,1 0-tetrahydroimidazo [2, 1 - 
a]-2,6-naphthyridine-2,5,7(3H)-trione. 

5 

1 1 . The compo^md according to claim 1 , or a pharmaceutically acceptable salt 
thereof, which is a compound selected from the group consisting of: 

I l-(3-chloro-4-fluorobenzyl)-9-hydroxy-2-[2-(acetyloxy)ethyl]-3 ,4,5,6, 12, 13-hexahydro- 
2H[ 1 ,4]diazocino[2, 1 -a]-2,6-naphthyridine- 1 , 8, 1 0( 1 1 H)rtrione; 

10 1 1 -(3 -chloro-4-fluorobenzyl)-9-hydroxy-2-(2-hydroxyethyl)-3 ,4,5,6, 1 2, 1 3 -hexahydro- 

2H[1 ,4]diazocino[2, 1 -a]-2,6-naphthyridine- 1 ,8, 1 0( 1 lH)-trione; 

[ll-(3-chloro-4-fIuoroben2yl>9-hydroxy-l,8,10-trioxo-l,3,4,5,6,8,10,ll,12,13-deca- 
hydro-2H-[l,4]diazocino[2, l-a]-2,6-naphthyridin-2-yl]acetic acid; 

2-[ll-(3-chloro-4.fluorobenzyl)-9-hydroxy-l,8,10-trioxo-l,3,4,5,6,8,10,ll,12,13-deca 
1 5 hydro-2H-[ 1 ,4]diazocino [2, 1 -a]-2,6-naphthyridin-2-yl]-N,N-dimethylacetamide; 

2-[ll-(3-chloro-4-fluoroben2yl)-9-hydroxy-l,8,10-trioxo-l,3,4,5,6,8,10,ll,12,13-deca- 
hydro-2H- [1,4] diazocino [2, 1 -a] -2, 6-naphthyridin-2-yl] -N-methylacetamide; 

2-[ll-(3-chloro-4-fluoroben2yl)-9-hydroxy-l,8,10-trioxo-l,3,4,5,6,8,10,ll,12,13-deca- 
hydro-2H-[ 1 ,4] diazocino [2, 1 -a]-2,6-naphthyridin-2-yl]acetamide; 

20 1 l-(3-chloro-4-fluorobenzyl)-9-hydroxy-2-(2-morpholin-4-ylethyl)-3,4,5,6, 12, 13- 

hexahydro-2H[ 1 ,4]diazocino[2, 1 -a]-2,6-naphthyridine- 1,8,10(1 lH)-trione; 

ll-(3-cliloro-4-fluoroben2yl)-9-hydroxy-2-(2-pyn-olidinyl-l-ylethyl)-3,4,5,6,^ 
hexahydro-2H[ 1 ,4]diazocino [2, 1 -a]-2,6-naphthyridine- 1 , 8, 1 0( 1 lH)-trione; 

ll-(3-chloro-4-fluorobenzyl)-9-hydroxy-2-(2-piperidiiiyl-l-ylethyl)-3,4,5,6,12,13- 
25 hexahydro-2H[l,4]diazocino[2,l-a]-2,6-naphthyridine-l,8,10(llH)-trione; 

I I -(3 -chloro-4-fluorobenzyl)-9-hydroxy-2-(2-aminoethyl)-3 ,4,5,6,12,13 -hexahydro- 
2H[l,4]diazocino[2,l-a]-2,6-naphthyridine-l,8,10(l lH)-trione; 

ll-(3-chloro-4-fluorobenzyl)-9-hydroxy-2-[2-(acetylamino)ethyl]-3,4,5,6,12,13- 
hexahydro-2H[ 1 ,4]diazocino[2, 1 -a]-2,6-naphthyridine- 1 ,8, 1 0( 1 lH)-trione; 
30 ll-(3-chloro-4-fluorobenzyl)-9-hydroxy-2-[2-(methanesulfonylamino)ethyl]- 
3,4,5,6,12,13-hexahydro-2H[l,4]diazocino[2,l-a]-2,6-naphthyridine-l,8,10(llH)-trione; 

ll-(3-chloro-4-fluorobenzyl>9-hydroxy-2-[2-(metlioxy)etliyl]-3,4,5,6,12,13-^^^ 
2H[ 1 ,4]diazocino[2, 1 -a]-2,6-naphthyridine- 1 ,8, 1 0( 1 1 H)-trione; 
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ll-(3-chloro-4-fluorobenzyl)-4,9-dihydroxy-2-methyl-3,4,5,642 
2H[l,4]diazocmo[24-a]~2,6-naphthyridine-l,8J0(llH)-tri^^^ 

ll-(3-chloro-4-fluorobenzyl)-9-hydroxy-2-methyl-5,6,12J3-t^^ 
2H[l,4]diazocino[2,l~a]-2,6-naphthyridine-l,4,8,10(3H, 1 lH)-tetrone; 
5 ll-(3-chloro-4-fluorobenzyl)-9-hydroxy-2-methyM-pyrrolidin^ 
hexahydro-2H[l,4]diazocmo[2J-a]-2,6-naphthyridme-l,8J0(llH)-^^ 

ll-(3-chloro-4-fluoroben2yl)-9-hydro3Q^-2-methyl-4-morpholm^ 
hexahydro-2H[ 1 ,4] diazocino [2, 1 -a] -2,6-naphthyridine- 1,8,10(11 H)-trione; 

I l-(3-chloro-4-fluoroben2yl)-9-hydroxy-2,6-dimethyl-3 ,4,5,6, 12, 13-hexahydro- 
1 0 2H[l,4]diazocino[2, l-a]-2,6-naphthyridine- 1 ,8, 1 0(1 lH)-trione; 

1 1 -(3 -chloro-4-fluorobenzy l)-9-hydroxy-2-(2-hydroxyetliyl)-6-met^^ 
hexahydro-2H[ 1 ,4]diazocino[2, 1 -a]-2,6~naphthyridine- 1,8,10(1 lH)-txione; 

I I -(3 -chloro-4-fluorobenzyl)-9-hy droxy-2-(2-morpholin-4-ylethyl)-6-methyl- 
3 A5,6, 1 2, 1 3-hexahydro-2H[ 1 ,4]diazocmo[2, 1 -a]-2,6-naphthyridine- 1 ^ 

15 1 1 -(3 -chloro-4-fluoroben2yl)-9-hydroxy-2-(2-piperidinyl- 1 -yiethy l)-6-methyl- 

3,4,5,6,12,13-hexahydro-2H[l,4]diazocino[2,l-a]-2,6-naphthyridme-l^ 

1 1 -(3 -chloro-4-fluorobejDizy l)-9-hydroxy-2-(2-pyrrolidmyl- 1 -ylethyl)-6-methy 1- 
3,4,5,6,12,13-hexahydro-2H[l,4]diazocino[2,l-a]~2,6-naphthyridine-l,8, 

ll-(3-chloro-4-fluorobeii2yl)-9-hydroxy-2-[2-(lH-pyrazol-l-yl)eth^ 
20 3,4,5,6,12,13-hexahydro-2H[l,4]diazocino[2,l-a]-2,6-naphthyridine-l,8,10( 

1 1 -(3 -chloro-4-fluoroben2y l)-9-hydroxy-2- [2< 1 H-imidazol- 1 -yl)eth^^^ 
3,4,5,6, 1 2, 1 3-hexahydro-2H[ 1 ,4]diazocino[2, 1 -a]-2,6-naphthyridine-. 1 ,8, 1 0(1 lH)-trione; 

ll-(3-chloro-4-fluorobenzyl)-5,9-dihydroxy-2-methyl-3,4,5,6,12,13-hexahydro- 
2H[l,4]diazocino[2,l-a]-2,6-naphthyridine-l,8,10(llH)-trione 
25 (4R)-1 l<3-chloro-4-fluorobenzyl)-4,9-dihydroxy-2,5,5-trimeti^^^ 

hexahydro-2H[l,4]diazocino[2,l-a]-2,6-naphthyridine-l,8,10(llHK^^^ 

(4S)- 1 1 -(3 -chloro-4-fluorobenzyl)-4,9-dmydroxy-2,5,5-trimethyl-3,4,5,6, 12,13- 
hexahydro-2H[l,4]diazocino[2,l-a]-2,6-naphthyridine-l,8,10(llH)-tri^^ 

(4R/S>ll-(3-chloro-4-fluoroben2yl>4,9-dihydroxy-2,5,5-trim^ 
30 hexahydro-2H[l,4]diazocino[2,l-a]~2,6-naphtliyridine-l,8,10(llH)^^^^ 

(4R/S)-ll<4-fluoroben2yl)-4,9-dihydroxy-2,5,5-trimethyl-3,4, 
2H[l,4]diazocino[2,l-a]-2,6-naplithyridme-l,8,10(llH)-trione; 
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(4R, 6S)-ll<3-chloro-4-fluoroben2yl)-4,9-dihydroxy-2,6-dimethyl-^ 
hexahydro-2H[ 1 ,4]diazocino[2, 1 -a]-2,6-.naphthyridine- 1 ,8, 1 0( 1 lH)-trione; 

(4S, 6S)-ll-(3-chloro-4-fluoroben2yl)-4,9-dmydroxy-2,6~dime 
hexahydro-2H[ 1 ,4]diazocino[2, l~a]-2,6-naphthyridine- 1 ,8, 1 0( 1 lH)-trione; 

I l-(3-chloro-4-fluoroben2yl)-9-hydroxy-2,4,4-trimethyl-3 ,4,5,6 J2434^ 
2H[l,4]diazocmo[2,l-a]-2,6-naphthyridme-l,8,10(llH)-lTi^^^ 

ll-(3-chloro-4-fluorobenzyl)-9-hydroxy-2,4-dimethyl-3,4,5,6,l^ 
2H[l,4]diazocino[2,l-a]-2,6-naphthyridine-l,8,10(llH)-trio^^^ 

(6i2>ll-(3-cMoro-4-fluoroben2yl)-9-hydroxy-6-(hydro3Q^ 
hexahydro-2i/-[ 1 ,4]diazocmo[2, 1 -a]-2,6-naphthyridine- 1,8, 1 0( I l/i)-trione; 

(6i^)- 11 -(4-fluorobenzyl)-9-hydroxy-6<hydroxymethyl)-2-me&^^ 
hexahydro-2//'-[l,4]diazocmo[2,l-a]-2,6-naphthyridine-l,8,10(ll^^ 

(65)- 1 1 <3-chloro-4-fluorobenzyl)-9-hydroxy-6-(hy droxymethyl)-2-m^ 
hexahydro-2^?-[l,4]diazocmo[2, l-a]-2,6-naphthyridine-l ,8, 1 0^ 

I I <3-chloro-4-fluorobenzyl)-9-hydroxy-2-methyl-6-methylene-3 ,4,5,6, 1 2, 1 3-hexahydro- 

2if-[l,4]diazocino[2,l-a]-2,6-naphthyridme-l,8,10(lli0^^^ 

2-[8-(3-chloro-4-fluoroben2yl)-6-hydro3o^-3,3-dime11iyl^^ 

hexahydroimidazo[2,l-a]-2,6-naphthyridin-l(5H)-yl]-N,N-dimet^^ 

2-[8-(3-chloro-4-fluoroben2yl)-6-hydroxy-3,3-dimethyl-2,5,7-^^^ 
hexahydroiinidazo[2, 1 -a] -2,6-naphthyridin- 1 (5H)-yl]-N-methylacetamide; 

2-[8<3-chloro-4-fluoroben2yl)-6-hydroxy-3,3-dimethyl-2,5,74rioxo-2,3,^ 
hexahydroimidazo[2, 1 -a]-2,6-naphthyridin- 1 (5H)-yl]acetatnide; 

8-(3-chloro-4-fluorobenzyl)-6-hydroxy- 1 -(2-hydroxyethyl)-3 ,3-dimethyl- 1 ,8,9, 1 0- 
tetrahydroimidazo[2,l-a]-2,6-naphthyridine-2,5,7(3H)-trione; 

8<3-chloro-4-fluoroben2yl)-6-hydroxy-l-(3-hydroxypropyl)-3,3-dim^ 
tetrahydroimidazo[2, 1 -a]-2,6-naphthyridine-2,5,7(3H)-trione; 

8-(3-chloro-4-fluoroben2yl)-64iydroxy-l-(4-hydroxybu1yl)-3,3-dimet^^^ 
tetrahydroimidazo[2,l-a]-2,6-naplithyridine-2,5,7(3H)-trione; 

8-(3-chloro-4-fluorobenzyl)-6-hydroxy-l-(2-ace1yloxyethyl>3,3-dim^ 
tetraliydroimida2o[2,l-a]-2,6-naphthyridme-2,5,7(3H)-trione; 

8-(3 -chloro-4-fluorobenzyl)-6-liydroxy- 1 -(3 -acety loxypropy l)-3 ,3 -dimethyl- 1,8,9,10- 
tetraIiydroimidazo[2,l-a]-2,6-naphtliyridme-2,5,7(3H)-trion 
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8-(3 -chloro-4-fluorobenzyl)-6-hydroxy- 1 -(4-ace1yloxybutyl)-3 ,3 -dimethyl- 1 ,8,9, 1 0- 
tetrahydroimidazo[2,l-a]-2,6-naphthyridine-2,5,7(3H)-trione; 

8- (3 -chloro-4-fluorobenzyl)-6-hydroxy- 1 ,3 -bis(2-hydroxyethyl)-3 -methyl- 1 , 8,9, 1 0- 

tetrahydroimida2o[2,l-a]-2,6-naphthyridine-2,5,7(3H)-trione; 

1 1 -(3 -chloro-4-fluoroben2yl)-9-hydroxy-3 ,4,5 ,6, 1 2, 1 3 -hexahy dro-[ 1 ,4] oxazocino [3 ,4-a] - 
2,6-naphthyridine-l,8,10(l lH)-trione; 

1 0-(3-chloro-4-fluorobenzyl)-8-hydroxy-4,5, 11,1 2-tetrahydro-3H-[ 1 ,4]oxazepino[3,4-a]- 
2,6-naphthyridme-l,7,9(10H)-trione; 

9- (3-chloro-4-fluorobenzyl)-7-hydroxy-3-(acetyloxymethyl)-3,4,10,ll- 
tetrahydro[ 1 ,4]oxazino[3 ,4-a]-2,6-naphthyridine- 1 ,6,8(9H)-trione; and 

9-(3-chloro-4-fluoroben2yl)-7-hydroxy-3-(hydroxymethyl)-3,4,10,ll- 
tetrahydro[l,4]oxazmo[3,4-a]-2,6-naphthyridine-l,6,8(9H)-trione. 

12. A pharmaceutical composition comprising an effective amount of a compound 
according to any one of claims 1 to 1 1, or a pharmaceutically acceptable salt thereof, and a 
pharmaceutically acceptable carrier. 

13 . A method for the inhibition of HIV integrate in a subject in need thereof which 
comprises administering to the subject an effective amount of the compound according to any one of 
claims 1 to 1 1, or a pharmaceutically acceptable salt thereof. 

14. A method for the treatment or prophylaxis of infection by HTV or for the 
treatment, prophylaxis, or delay in the onset of AIDS in a subject in need thereof, which comprises 
administering to the subject an effective amount of tlie compound according to any one of claims 1 to 1 1, 
or a pharmaceutically acceptable salt thereof. 

15. A compound according to any one of claims 1 to 1 1, or a pharmaceutically 
acceptable salt thereof, for use in the preparation of a medicament for the inhibition of HIV integrase, for 
the treatment or prophylaxis of infection by HIV, or for the treatment, prophylaxis, or delay in the onset 
of AIDS in a subject in need thereof. 
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